RADI O FREQUENCY | DENTI FI CATI ON (RFI D) TAG 51 NCLUDI NG A THREE- DI MENSI ONAL
LOOP ANTENNA TECHNI CAL FI ELD [0001] The invention relates to radio

f r equencywoadeewiotilgat i on (RF1D) systens for article nanagemnsntmaszsyl nor e
specifically, to RFID tags. 10 BACKGROUND [ 0002] Radi o frequency
identification (REID) technol ogy has becone widely used in virtually every

i ndustry, including transportation, manufacturing, waste managenent, postal
tracking, airline baggage reconciliation, and highway toll nmanagenent.

Atypi cal 15RFID systemincludes a plurality of RFID tags, at |east one RFID
reader (also referred to as an "interrogator") or detection system having
an antenna for coMRADIOIFRIGQUENCYMOINTIPTCAIRIONRFEDCDARUti ng device to

contsol the RFID meeda/DINGA RERPE-DIMENSIONANUGSOOPIANTENNA er that nay
provi de energy or information to the tags, and a receiver to receive

identity and other information fromthe tags. The conputing device
processes the 20i nformati on obt AN ALNEIERN D reader. [0003] | n general,

the infor i received froman. REID tag.,is. ci fd o the particular
ool | cat i OHECh T RURT SaF R AToTriareh @i RiRRER AT A0t BRaHiG¥ wh o
the tag irfarfao¥@ent dad emBleapy¥cifitdliyc teRFIMELNde manufactured items, books,
files, animals or individuals, or virtually any other tangible articles.

Addi'?i onal information may al so be provided for the 25 article. The tag nmay
be used during a manufacturing process, for exanple, to indicate a paint

col or of an autonobile chassis duBARKGROIIMNDt uri ng or ot her useful
information. 100041 The transmtter of the RFID reader outputs radio

fr eqUenCMﬂom)Reﬁii(gﬁ@%&enEWdéﬁ@ﬁca&ibﬁ (RPI®NBehroW s MRAbecoatt wldeBlusedagnet i ¢
field that enables the tags to return an RF signal carrying the

i nf or mat iveruallyrevebnidesiv ingluding temsportations mamEpgtutieg. Wasictpaagement,

modul at ed 5o SR SR BediEren b AR N B eI EADR. A ERee v 10 @
conhs gur RFINS/steihidcEED plagalite SRR FHES tags i dabtuneURF [Bar¢edcs (g satefdrraot he
RF1D reader and initiates connunicathon by responding i mediately with its
i nf or mat iBR/N SIS/ 1Y AP EABT TSI BY/ BB YBICAYFOLLOTAMERIYEHE VER I t ag may

be an "acgipiye: j i I - ive"
Voo that SEfFagd 3 b Bahplii MARS, B Rph N TR EIID AL, SR R s 1y

by i nducta tvansouitgulthatg)ay frovide gy caimérmahen teaf)s tagonandri reediecrus irengiva

pre-defined protocol,. all owing the RFID reader to receive information from
one or nofgtikgad oprinfistalivs Hgmiieiese L oRPULLE dRVITHHIBRRAE Bh management
Sysb@em byinfo@eliot Mdaihb@by QU de@drf rom the RFID reader and perform ng

sone action, such as updating a database. In addition, the conputing device

may ser vd08@3]dngendrahhermfosmaperoigeeined figmdatRE IDnteg 1 $pecifig de theipartiduéar
transmt ta%%lica%%%}{)%lﬁgn provides an identification for an article to which the tag is fixed.
Exemplary articles include manufactured items, books, files, animals or individuals, or
virtually any other tangible articles. Additional information may also be provided for the
25 article. The tag may be used during a manufacturing process, for example, to indicate a
paint color of an automobile chassis during manufacturing or other useful information.
[0004] The transmitter of the RFID reader outputs radio frequency (RF) signals through
the antenna to create an electromagnetic field that enables the tags to return an RF signal
carrying the information. In some configurations, the transmitter initiates communication,
30 and makes use of an amplifier to excite the antenna with a modulated output signal to
communicate with the RFID tag. In other configurations, the RFID tag receives a

continuous wave signal from the RFID reader and initiates communication by responding

immediately with its information.



100061 In general, this disclosure describes a three dinensional (3D) |oop
antenna that may reduce adverse effects to the performance of an RFID tag
t hat arc woteédeeabl e to the coupling between the RFID Pag/usne9asse71

el ectrically conductive surface on which the RFID tag is placed. RFID tags
designed in accordance with this disclosure include a 3D | oop 15antenna
coupled to an RFID circuit. As will be described in detail herein, the 3D
| oop ant dﬂﬂ%]#ﬁé@l}’@éﬁo@l fqgrr@@y bo#tASHVY elapdief InsHdsagm HECTaAlROMGE FOWERI wi dt h

that subs %“i%?s ¥ ¢ e I%%t%&égﬁ%?l?heltdrb?eaft%d th%%‘iﬁ%é&’e?ggﬁcﬁﬂ Ppn and

liein a pl ane. I've por ni1s electri coupl ed
to a secdndndmmﬂﬁcmeﬁgpohnhﬁmrhavhh@u@sbamgwmammhmhgﬂﬁmkhﬁhaﬁpbﬁmant|aIIy
exceed a hi ckness of the second c%nductlve portion and lie in 20a second

pl ane. opiipgthe READIASHEP T5PeiKe Bigrmation Sonhafs o moredagsalThg comgudie
anot;her RVIULESBL ad 1 1‘ﬁ¥d}hfaﬁﬁré hﬁﬁ@gé%& a%teflﬂ Byﬂec r@ﬁ&ﬁﬁﬁm?é?f&ﬂ%ih%

portions In a current loop t [1es In third e that is not
substantdﬁHDwemknahﬁ@hﬂannganﬁta@tmammhaeupﬁdmghah&@aﬁﬁﬂaaddeenmeex0|ted

t hrough the fi.rst and second cond ctlve ortions. é ? ﬁanple be a

r e- modul £CBWVHAL EFYBHREY 5YVS Pyh BICRANA™ {4 PRRREENRE SR ip e i

circuit, tBwnQmittden the case 250of a paSS|ve RFID tag. In other |nstances,
e.g., in the case of an active RFID tag, the RFID circuit nay generate the
signal that excites the current through the conductive portions. 100071 The
RFI D tag is configured such that mﬁﬁﬂ“@# on a surface of an article the
fird? and second pl anes are substa ialTy parallel to the surface of the

article. hi s manner., e f the current t hrough whi ch t he
current tlﬂﬁ‘%él Ia generpl s ¢ lécq Ayt 3@%& St &ihes Wﬂ%%ﬂéﬁilﬁ) IOPBaletﬁ%naatPﬁﬁ cle

surface tQ Alyy\l*%'dﬁé‘b dRErsREFR. f&gthb %eﬁ&ﬁﬁ%@@gf atFRFII?%‘a%r{RAt%re atm-Butable to, the

2009/ 10271 / US2009/ 033671 1 n"sone enbodi nents, the plane in which the
current |cwopling batiecratht &4l thg asl am@ledmecaébrb@némtwa Isifaqeeompemdi thel RIFID 0 t he
article surfa sone, enbodi,nment s. e.first and se

conduct i V& g Cieen2\9313]t%a»%&%n?%&C&?{fiww%\insbdéw&w%@a%a§f?nlﬁﬂle enna
mat g5 i al dnfahl dbifle PRENATFIDE RURO AL vANDedREdrbeAth dethit ABLINURUD |Rpp for a
RF current. In other enbodinments, the 3D antenna | oop may be defined by a

conbi nat iagtensd inchudes A ey andrtise paﬁtloarlildwag adength milctmdﬂyﬂ@bﬁdm@mwléf article

surface on c Iactﬂl tkh ss%'ﬂ ft onaugtl ace 1ona dtlheelnla lanen%dlﬁqam the
electrlcéify con 've arf 188U and 't he Ana raterial define a

dosed | oapnfiqtiva p@i:tfolhem bleéﬂn@wﬂy dduped tb h%e@dhﬂdidﬁﬁudﬁ@e pottiodlhavinglaflageh act s as
part the 3D antenna. The electrlcallg 10conductive surface and the antenna
mat eri al awdyviddrthatsHbstentisdlz gxeesdp thickness of thesecandgeendytiye redioraedilisin or vi a

capagi ti Vaeseggrt{ﬂ%lh&g Tlfe%g énd-léggon%? %1%9 RrlAb &t f rJlf*é[ {okkﬁ{e ap18thgte sA gned

such t hat Ion o e antenn unctions as tuning el'ement to match
an i npedaneenos ekh&dalmtoeghn&letfﬁstamdlsammwonmcmﬁve phﬂioh@immémdnolomiplthd’t t he
e trace tha 15f grms the 3D

antenna i.s cou L%F. As an exanpl e, g?

loop ant dindh Ay Hetce isRe s E! e T EREEeond Bnd e ¢ ve
current excited through the first and second conductive portions may, for example, be a re-
modulated interrogation signal that is backscattered by the RFID circuit, e.g., in the case

25 of a passive RFID tag. In other instances, ¢.g., in the case of an active RFID tag, the RFID

circuit may generate the signal that excites the current through the conductive portions.
[0007] The RFID tag is configured such that when placed on a surface of an article the
first and second planes are substantially parallel to the surface of the article. In this

manner, the plane of the current loop through which the current that is excited is not

30 substantially parallel to the article surface to which the RFID tag is attached. For example,



tuning el enent. As another exanple, the 3D | oop antenna may have
over | appi ng conductive portions that function as a capacitive tuning

el ement . Wo 200%w9etther exanpl e, the conductive trace tharcrarsa®owbas78D | oop
antenna may include a region of interdigitated conductive fingers to
enhance the capacitance for better tuning. 20100101 The RFID tag may be
attached to a substantially non-planar surface of the article via a

nount i ng IAseHe embygimartsy Hicinkgcrie wieeh thagusantieapqfiheantennadiss sranbico a cur ved
or irreg . E I -planar) surface and may be
attached%%g&%%F%Qggﬁggégﬁgﬁ&%ﬁg%ﬁ%hﬁﬁgﬁg?ag, i.e., between the RFID tag and
t he arti dDeosunfsame cmbbeéinmomts) thHerfystadizecontaypnectivee pbaibns bfitlcBieloappl ural ity
of sections that are p%fed apart from eac $50ther, or other%f e. have a

st ruct ur énfaR DY SfdieERcE Pl Hitpinaymatqiy 1aqluding BRROABAOREIS, deHNingdi o
freguency., i fid { i i ncl udes
o o ey g e R QT AR A0y ke 2
exceed a definekhgessombinahen 6f ths tinteomdmeteiiveandamtal@tricallfeohdrgvhadiclt wi dt h of

the first conductjv o] on substantially lie.in.a first ange. At |east a
por t1 on_ oprineor i doRENE e DBEa0 ot beoh srboiBent g LPERERY Tor ¢ i ng
an i npedaRagu@iveaifld QPRCcABAEMBAntchREmaRPRI ddHRANFo3H $6bp BF h U@t MoSecond
conductive portion having a length and width that substantially exceed a

t hi cknessltal, thh eorbictndlatiolsduta¢osstysimartdhe 3PRatenanglhe eladriildt h - WO

2009/ 102714RCT/ US2009/ 033671 .of the second. condugti ortion substantially
et n a SLESTSIANE PR R TS pdfartd PP AR o Ve e i ane.

The secongect@dall Usinev@orP@ ik Odpacivekegslingcal |y coupled to the first
conductive portion. The RFID tag al so conprises an RFID circuit

el ectri cdpﬂ&lcﬂw&& fasp aptgnpyay %@ﬁw&hﬁ dprianadsuel Biaf & partionof distantawpaugh t he

| oop ant . . i IS |V, | an: second
conduct | vanise o h BHALGIGHON b R EiihprsB AR 4 oA ARl TS
subst ant itht I cipengehdihaht amteira it beurfled. sAs @l anenpie)dhd tvadseoenchcpllane. 100121
I n anot her enbodinent, a radio.freqguency identification (RFID) system

conpt i se Ogn»?@aggr IOBRBIeMRAOREY 5144 P SbIORA e ﬁlpgﬁl%ag%ﬁ FaRECHER o

frequency iREL At d AsaRGhaneBRIpR, HRBD IR dRinba b9 Ha0CbWdBpae! 00p antenna
that has a frrst conductive portion having 10a | ength and mn%t% t hat

subst ant i@hilyctier pegna thah figlchers 8s fapabiéive tunsig cdomeutc tAsweefupbert éxempleT He
length and width of the.first ductjve portion substantially.lie in a
rret pr anadiohi odss B Feofis Bobimlstre Foy MRk PRDE Boreidri St ne o
tuni ng degBactivefingbRitd entaicd MRRApREEnRffof P&tk agmgant enna. The | oop ant enna
al so includes a second conductive portion having a |length and w dth that
subg® ant i[8010] Ehedtdd tag mydieradteehedfto rivebsiantig Hyl non-planansiatece obthpertidlon. The

| ength and. w dt h.. t 0 c tiv ontion. S tially lie in a
second prih ARk oBfsE AR fROEARAT RS BRLY R decona
conduct i Vfre@@irlly Shaptd (abaeitidllgalohyplanuEuetcd sndhgy bé ftsdchedRdiveye portion.
The RFID tag al so includes an RFID circuit electrically connected to the

| oop ant eMiEen of thx BFIIR tag. ber Pefitecn tedtigh temand thegtticonirticei The popetingh and
the seconfufRRdh! haitRarhtAl L hﬁ‘ad]&gfo['fﬁ&lﬁohmﬁt 8eB3badeli §art o %Qﬁh' rd
y endi tu Irst p

pl ane that I's substantli al per ar to the ane and the second
pl apg, t ot @uithawiddhase gr@hctune tha ppanstes flexibthiey.i nt err ogati ng RF si gnal .

10013] | ther enbodi ment, an article conprise electricall
conduct i 3@@&1@@@ e adﬁ<§0ffff€@aﬂ@afd§ﬁmlglgﬁtm 5@5? B OB 4 B8P coupl ed
to the elgehhh aak intnRROL R IYRIRUYE BGRioRhatilE a8 TokiE kit witlguRE! D tag

conprises a |loop antenna conprising a first cConductive
substantially exceed a thickness of the first conductive portion. The length and width of

the first conductive portion substantially lie in a first plane. At least a portion of the first
30 conductive portion forms a tuning element for tuning an impedance of the loop antenna.
The loop antenna also includes a second conductive portion having a length and width that

substantially exceed a thickness of the second conductive portion. The length and width
3



25portion having a length and width that substantially exceed a thickness
of the first conductive portion, wherein the length and width of the first
conduct i weoposwiogni4substantially lie in a first plane. ACTIGS2a600/0336pDrti on
of the first conductive portion fornms a tuning elenment for tuning an

i npedance of the | oop antenna. The | oop antenna al so conpri ses a second
conductive portion having a length and wdth that substantially exceed 30

a thi ckneﬁéh%&ect)%coé@é@ﬁ@ R%Wm%lﬂ?ﬁt@étlfﬂb’rltq iBr¢ seopnskdane thifds ﬁléqfrgmﬁalémd wi dt h
of the s p t hat

i s subst }%? ﬁ)& ﬂgg?%:p}/aﬁf %E %Ian¢| r s@%&f]é ﬁgr’tlxq'ﬁtseeq%de@%ana’%ggﬁg%é |h\%g? S|otort| on
is elect I’doﬁallldtiy(le cpoum;lne(T hb(RHID&ai blss bompmhs @h IRRED cWiCuit electrically connected

2009/ 102714PCT/ US2009/ 033671 porti qQn. 'Lotg EI D tag al o i ncl Lrée@&,an RFI D
circuit dP&RIPPRANFINIIBEREE BErTH! freughdp loamaiiga (% Aoy dhionetshe ditpent
throgigh tégﬁdﬁ& B pBRicag tﬁ@sefcbﬁa’\é&l*aﬁ&%gb trttﬂtﬁt fl rc%ﬁreﬁ% @ﬁa‘t Yi€s ﬁ%rthirEt“ and
the second con tlve portion in a current | oop that s Ina third plane
that is rpianesthaiss antstaatiblly papaidieilartto thehferseplewt anidabé chonabpkauct i ve surface

f th i 510014 th nmbod .
REI D g DA ARo e e Roh i, Fagenty HatieAed TREMD ¥ sE R mpRes "
Subst ant | alchder BA: I U5BERn FREOTRT 10D FRIIRRLy (mmrerds 85d &

substantially flat and flexible base nenber conprising an upper surface and
a | ower SRilDAee. EEb@BHID ¢ag ineludgrpreloop antcarsethatling adirpl aondidtivg poftiandhaningng

strycture fro ower urf.ace. 1

orvafi meriiore R ol HAAH i STt oo H R PO PP BRIy wi e o
cur abl e refileagtPafdSidiy oattﬁrfacpudagdtmk pbitfod subgaitRVy i ik @ fekiphaet @ resin,
removing the shaping tool after the material has cured thereby defining a

pl ur al i t et 2 peienioh ghesfinstecandrety caorédionys £ iuvmselpasy fREMBEYE a0 enpvi ng t he
base merh e&ﬂfé tantlgﬁfmaﬁamﬂ@% S GEsH T8 Gudds AL c%ﬁéﬁtc%ée the base

menber belng sub at an conprrsrng an upper surtace
confi gur g@rtien laetvtngcdtleh@thamd madtihahdtrsebutancayly icdemrtliafthickidso of (hRlsE)ondag and a

| ower surface,. the noun |ng structures xt endi n aomthe | ower surface,
and1%0uplqoﬁéucélr’f§ PO IHo 1 NS tge ot eswaerg%{}wlaeeoepnts 13958y renber .

10016] Irheatﬁ%ts@@crn Cthﬂ%?&ubs@anﬁ@l rtrt&%lﬁre%ﬂﬁﬁ{tt e Gadnatoh Mk tag
conprises a |loop antenna that includes a first conductive portion having a

| engt h arpbriverdis kelectrachllP 0Osuidst @rthé fitst yorehuceedpatiomi ThkaRED oig etlsh)emﬂud@t
conducti ve ti he.length a wi. dt h of theflrs condu rtion
cubst ant 1D @ iR PomaRe oL i ahated SPRNRER second
conduct i Vst @vehaidhhnd th&@bid adtdubiivl fortidiain Sikeharbp #hdt Yieexceed a

t hi ckness of the second conductive portion. The length and wi dth of the

secéhd cdhtndretailv@aptﬁrwbsmntythltysp@md@ulaytq the firs{ ptang ead Hi sgandeplatgato i s

"o ol oot ek Pl RERL i BabdiRe &b LR BB R ARET L o, “The. second

conduct i woom]rlhlaﬁ@thbﬁerﬁtc&nmeﬁntﬂ gﬁeted:ohq)n@@mt @cdtficallycondugivt ¥erfsddrahace of
an article tg which the REID. t is attached. The RFID tag al so conprises
an RFI D dnradip reepetcvrlri%tficeftl dBY & o8Pl & theslectiireln ﬁanctltstlé%rrfaéea

current tp Qéjzg}ﬂcltehg’ g mﬁc% § 1 i fl(Lo(fJV\c’mtt%ﬁlQ WORpHilRe hihstleofi@REVEL | Ve

pOI’tI on, the secon ortron
25 portion having a length and width that substantially exceed a thickness of the first

conductive portion, wherein the length and width of the first conductive portion
substantially lie in a first plane. At least a portion of the first conductive portion forms a
tuning element for tuning an impedance of the loop antenna. The loop antenna also
comprises a second conductive portion having a length and width that substantially exceed
30 a thickness of the second conductive portion, wherein the length and width of the second
conductive portion substantially lie in a second plane that is substantially parallel to the

first plane. The second conductive portion is electrically coupled to the first conductive
4



30t he conductive surface of the article to which the RFID tag is attached
inacurrent loop that lies in athird plane that is substantially

per pendi csbano%iw2tihe first plane and the second pl ane. P@DUS2009/033671

2009/ 102714PCT/ US2009/ 033671 100171 In anot her enbodi nent, a radio
frequency identification (RFID) system conprises a reader unit, configured
to output an interrogating radio frequency (RF) field, and an RFID tag. The
RFI D t ag Nowégnyde PaFl(ﬂ:’b@g agﬁﬂ@m@&aﬁzﬂ IRegdrcyit £loekically perueetcd & Pereeon havi ng

| th i : ial j irst
2 e Rt L Q3SR ARh U o ENERRo A HRIIRR Bl RS |
subst ant ipgirtigh dridethe Becand costucivap@tiod ea bwegmt ovpehatdicalsothinlglladtabatds second

conductive partion having a |length and width that suybstantially exceed a
t hi cknesgloaﬁuhSFﬁ@tlg%se%all%é%&w@éqwaﬁwp@wrlvwﬁwH Bﬁaéfh width of the

secopd cQEHtihuRoREl {rhBiSLRSLARKLAbL eohlrFish LR PR O Rlodftd fghobs
substantially parallel to the tirst plane. The second conguctl e portion is
el ect ri calohfigeodpd mduntah¢ REID itagsdn 4 Qbstadtalty me-plendrisorfaceT Hghesemoniag
conductive rtion.is also configured_.ta uple to a conductive surface of
o art1 o BB S B g S0 A RS Pt e RS Rl udes an
RFID ci r Gifhcdicd loiveRblrace Opp&et @ dppek fRfdcORdANYIGANE JfndhEinge a current
t hrough the first conductive Portlon, t he second conductive porfion, and

t he conduturtuecsuetfudies Gomitheloaversetfacet o whi ch the RFID tag is attached in
a cyrrent th | i I N third 15pl ane that is.substantially .

per fnar daPERpihihg! yffadiaft.h Beliby B SEA AR h @ BB B i e

si gnal i reurb$PRBBEpicosii @ shapify tooldiatd e cibtysto hgde thd BYkS lenhdvigndkher

enbodi ment, an article conprises an electrically conductive surface and an
radi o freHarRing{oal galerthe magariabhas queedsherchy defduipg a glurelity |96 mouBdng i cal | y
conducti vy, t i h | i nt enna
compr s ngSesAafendine (R AbbGhEnbd Britihd e ok RS  BIR oF

subst ant imbuntingxaeedrea fiom thikresisy, tic bdie nfenbet beog sutstantiellypattandn, wherein
the I ength and. wi dth of tge first conductive po(gtion subs an%,i ally liein a
firdd pl £RBPTHRG AIBPSTaN IFhEPAIEEFddB Afirahsia an ga %éra%enemfiﬁyewwnpom on
having a (!R%f[!@% i&g%ﬁ@ aWh i uthal tl%%éﬁrﬁﬁ%‘s%&%re@%%%ﬁ@ing oM Hnews: Qfrathe
second conducti Ve portion, whérein the length and wdth of the second
conduct i wadpounplingpn2ss nixst RD addsyo Hieaipper surkec ofidie phserreernbat i s

subst anti arallel to,.the first_.plane.. The.seco ductive portion is
ol oot r1 e P18 dnF b rabinle ¢ HAL R RReY LN a RS R RS EprRanauct i ve
portion ilgophfenfaAnitiSiiAY o RsCRMBhAiveDorichaRIHGLd KRth Whd ag@nhehatan article
to which the RFID tag is attached. The RFD tag al so 1 ncludes an RFID

cireéuit eubgentiatlaicrgeedarthisknesd of thetfhiat dopdyctiaitertioa. tldicdsasith encawisdte pent
through ttggﬁlrs?g nfuﬁﬁveé“ o"’}ti{sﬁ) sﬁﬂs%‘ﬁ’ﬁ%ﬁ"ﬁ@%ha ﬁ%? 1{a e fid 1%%5 %f?t%%?aceﬁl%]o" e portion,
t he second conducti ve por I on, an 3{ e conductl ve sur 5ce (o} e article to

whi ch t hen&&dd? o REoridcontdt@blredriioh aviidl 4 RAEthlaae BvidthakatlsieBanitialla ckddedd pl ane
that is not substantially parallel to the electrically conductive surface

of the arthicknes of thosogmd/copductiypeertios2 dholasdead wedhoftharecondt ai | s of one
or nore %H@&’Jt% FioR subdtentlaNY §AGH Qe@nd phfik thaid QivkAndidl E‘éifé'i'g)at'ﬂ I ng
drawi ngs and t e%gelsoc rsiupt ig%r? gell OW. %(i%herp a?‘eat ures, o’l:l}jtl e@tl%, an agvant ages
of the i rfustyilaen Mielsecdid cappaatentpoftionns thetridebceduptddan tienfirstdecamductos, and
fromthe clains : . .

portion. The second conductive portion is also configured to couple to a conductive

surface of an article to which the RFID tag is attached. The RFID tag also comprises an

RFID circuit electrically connected to the loop antenna to excite a current through the loop

antenna to flow through the first conductive portion, the second conductive portion, and

30 the conductive surface of the article to which the RFID tag is attached in a current loop
that lies in a third plane that is substantially perpendicular to the first plane and the second

plane.



5 BRI EF DESCRI PTI ON OF DRAW NGS [0020] FIG 1 is a perspective view of an
exenpl ary radio frequency identification (RFID) systemfor |ocating a

pl uralitywofzoewtenkes. 100211 FIG 2A is a schenmatic pePSpaSLIga33siew of
one enbodi nent of an RFID tag in accordance with the invention, which

i ncludes a 3D antenna, a spacer layer, an IC chip. [0022] FIG 2B is a
cross-sectional viewof the RFIDtag of FIG 2. 100231 FIG 3Ais a
schemat i dOBEH Jpapethgecrypadiment, m&iﬂmg?q@ﬁ@ouﬁeﬁ%ﬁ@aﬂeﬂ (BRIREYBScmeggnimises

he. Rt DS Pt B R Bipu Ao B e i) SR ORI RLAIAL i g

rel ati onsImIiD tagt WheRFHD taghipelddacelobp apensethaf haan fast @adactt partiddHabingag and
a length of the RFI 100261 FIGS., 5A and 5B are graphs denpnstrating a
rel ati onshFpgt E@P@v@vé h g .S%%l&ﬁ@}é%@%aﬁ@@k@ﬁsaﬁ s FFS ARV S FOTRED D tag and
a wgdth Wh@s

dem)ﬂst rgltl} Ag‘%éﬁgﬁ‘?“{@gﬁ?ﬁe&r eco&eglgcﬁlzlgr?ﬁ meggﬁ%ﬁﬂgﬁgéggﬁgg of ar?hgntenna
of an RFIloop agemmncdcia iheuddsta smtoﬂd@@%t&dmgﬂor{@@ﬂ&]a Ehg@B.and AvidthdhatB ar c

gr aphs de ratin tion bet ween edance re

ant b, orBaR Ry scaed fisRhe S B RSP R ag 1 (BT g | s a
schemat | Gfihagam &ndacthRSIorich Sibstasimifyaic heslebsd p’;laﬂeetﬁﬁlt i5 m&nﬁﬁuy&n RFI D
t ag. 25[0030LQFI G 9 is a perspective view of an exenplary nounti ng nmenber

for an RAlaplichty tha&rstpreabl d5c s¢venREomluchye p@’tlblelsaﬁtlmcwéld cooplad mﬂkhstﬁaﬁu ally
non- pl anar, S 886 093 LB @R, 400, 2nd. HO8 UL UsHALS @Rogyepl ary

conf'i guract ]f8|p no re‘nd) Sber ?LBB@QT FHE “HEuRS ' 8 %F dview

i Il ust r atdoRguaive sighiccefanptel coNhigh tRIRED hels aatanmmtTh@g{m%mSOBO[ 0033]
FIG 11B.is a plan view illustrating an additional exanple configuration
for a nouRelndry andHiibY circupoleztially gormesdty thsiooprpgnete cAgEMAENE 12 is a

I I t
rember . il ] Bkl s FRRI e SRR, ol I R B ACLoRIBUE "0
manuf act wutfage (RFth@arttia@sto witti¢h e mnttﬁgg anectedrin b lsatrcreriady st fidsan REKIRI t ags

to be attache suhst anti al |
plane t at 1s s stantblal perpendlgillar to the first plane and the second plane, to output

an RF signal in response to the interrogating RF signal.
[0018] In another embodiment, an article comprises an electrically conductive surface and
an radio frequency identification (RFID) tag coupled to the electrically conductive surface
of the article. The RFID tag comprises a loop antenna comprising a first conductive

20 portion having a length and width that substantially exceed a thickness of the first
conductive portion, wherein the length and width of the first conductive portion
substantially lie in a first plane. The loop antenna also comprises a second conductive
portion having a length and width that substantially exceed a thickness of the second
conductive portion, wherein the length and width of the second conductive portion

25 substantially lie in a second plane that is substantially parallel to the first plane. The
second conductive portion is electrically coupled to the first conductive portion. The
second conductive portion is also configured to couple to a conductive surface of an article
to which the RFID tag is attached. The RFID tag also includes an RFID circuit electrically
connected to the loop antenna to excite a current through the loop antenna to flow through

30 the first conductive portion, the second conductive portion, and the conductive surface of
the article to which the RFID tag is attached in a current loop that lies in a third plane that

is not substantially parallel to the electrically conductive surface of the article.
6



5pl anar surface. [0036] FIGS. 14A-14E arc conceptual diagrans illustrating
anot her exanpl e process for manufacturing RFID tags with a nounting nenber
t hat enabwexoe2REI D tags to be attached to a subst ant iPalrlus2e00/033anar
surface. 100371 FIG 15A is a schematic perspective view of an
exanple RFID tag in accordance 10with this disclosure. [0038] FIG 15Bis a
cross-sectional view of the RFID tag of FIG 15A 100391 FIGS. | 6A and 16B
are Snit HOGHYrkhe der?alts of ppgat mateeen@ab@éiﬁwrés pbthginveppeyaiscet fofthtindhicant enna

designs. [0 }geln (ﬁancyja_@&‘ﬂle]d ?cr I%Rf‘so@ Q&& 815; ﬁ”p'e

resi stance an curves araneteri ze of slit

(LsLi T) ofdvaithgstodgheahvdritich.willha appuieﬂt&B)m ill(b&ikidnﬂ%io@%nd Idra&Angaj dnd 8Bmar e

gr aphs deFDnstratl ng exanpl e resi stance and reactance curves that

par anet erf$€late slit offset (Sol.,..Thl) of RFID tag of FIGS. | 5A and |
5B. §£0042] FIGS. 19A and 19B arc graphs denonstrating exanpl e resistance
and reactance curves that paraneterize the slit offset SOFFSET) of RFID tag
of FIGS. 15A and 15B. ZOBIUEZEDESGRIPMONSOEDRAWINGS: perspecti ve vi ew of

anot her t n accordance. with this |sclo 4 FI.G is a
o oss- sedDP AT, | v BB REED g cor iR SYGa R He sRtoR BN
2510045] LEbfa fgyﬁ;c@tm% DpviRlPeeOAcs del y used i n virtually every industry
to track articles and prevent unauthorized renoval of articles froma

prot ect ed082 & 1Gs2s b zaghamlatlcbp@rsgﬁcbve viswvatilong embedin@ahoeart RBHAfagRFI D t ags

used_ in such RFI D e teranu er_of .adye

orrdt e iEotoRce Rt Sy e By £ REIIRL, Soo i er S aBRIL S e
sur f ace. [5012]@1@”@3@5&1&1{)@5 mu@ﬂlamg:vb@fcﬂheamm@g@mmmtlonal RF1D tags and
the 30 el ectrlcally conductive surface of the article to which it is

att ached [RO331rTdGuP 415 rschemats pasRagtivedg v aingeather mbedimentgdraaR FIPHAE fange
over whi d is decreased. WO
2009/ 102%&%%%%%@?6@%&& I<?1100461 Thi s di scl osure describes a three

di mensi orf8024]3MG. 3B apa adtLswedoid aicwralythe BdlDeagofEdGse. ef fects to the

perf or man f suc s a decreased.read range, that arc
at t 19 but 4@5@@&%@&8@ 6%1 ey g@@?%@wrpﬁéﬂ@ﬁ @?%tgp@slgﬁ@ewnépé@maea? ly

Conduct!%éﬁ)ﬁge‘@%a%nmb%kbﬁ)a@éadtaqgngtﬁop{@q@qotlgat i's, unlike
conventi on RFID tags that utiliZze

[0026] FIGS. 5A and 5B are graphs demonstrating a relationship between an impedance
response of an antenna of an RFID tag and a width of the RFID tag.
[0027] FIGS. 6A and 6B are graphs demonstrating a relationship between an impedance
20 response of an antenna of an RFID tag and a height of the RFID tag.
[0028] FIGS. 7A and 7B are graphs demonstrating a relationship between an impedance
response of an antenna of an RFID tag and a feedpoint of the RFID tag.
[0029] FIG. 8 is a schematic diagram of a testing system for testing a read range of an
RFID tag.
25 [0030] FIG. 9 is a perspective view of an exemplary mounting member for an RFID tag
that enables the RFID tag to be attached to a substantially non-planar surface.
[0031] FIGS. 10A and 10B illustrate an exemplary configuration for a mounting member.
[0032] FIG. 11A is a plan view illustrating another example configuration for a mounting
member.
30 [0033] FIG. 11B is a plan view illustrating an additional example configuration for a

mounting member.



5di pol e antenna or other substantially two-dinensional (2D) or 3D antenna
configurations, the read range of a 3D | oop antenna desi gned i n accordance
wi th thi swoizselwsuse may not be prohibitively |imted wrem/ush@oBBic t ag i s
attached to an electrically conductive surface. 100471 RFID tags designed
in accordance with this disclosure include a 3D | oop antenna 10coupled to

an RF1D circuit. As will be described in detail herein, the 3D | oop antenna
i ncl udes [9034] 6. B ircrlen VWbt e A #eghes ckEnpie soBRgITafan for £ hat
substantl Eﬁ%a t hi ckness of the first conductive portion and lie in
a first p ane rst conductive portion is electrically coupled to a

second cdOO3KItHIGS. pdA tahdn3BaNisagteanl exagble wactswiddtnmnufeturbiglisi iBngal | y
exceed a thickness of the second cqonductive ortlon nd lie in second
15pl ane. Vﬁﬂéa flouatngRAMOEt: %Pnaglgﬁ&se BID agh b&r?t“ia‘éh%} aéwaqt@r&a Y §°Bne
anot her. IfayF 5@t is excited in the first and second conductive portions
inacurrent loop that lies in athird plane that is not substantially
paral | el [0836]HEGSI ﬂ%-léﬁc&rsmnptupﬂ dmgams ﬁhstraﬂiugz&mheexszimpid pravesdfer f i r st

and second canducti ortio for ul at e

Nt er r ogdBaTAy TR Ik s M B pgditine Misra E@tﬁw&%ﬁﬁﬁkﬁlﬁﬂi S
t he case ®hciedRassuNEatall gnbﬁ.@lanhpsugg@g her i nstances, in the case of
an active REID tag, the RFID circuit may generatea5|gnal "that excites a

current tIABUJHG KA sonwbemptiepgssneciionsicw[ad @4 8kample RREDMag sgadcerdenest i gur ed
such t hat %&‘6? ced on a surface of an article the first and second
planes ar'e ST ANty ?Iy parallel to the surface of the article. In this

manner, t[be3§]EGe 188 id herosdisdeathal vampot e REFID thb TG heARFI D ci rcui t
exmtes current is not 255ubstant|ally arallel to the article surface to

whi ch t hd 0811629104 apd | G REaSmith Chastnihat Blustraie sxreple fsgldmpedanse of he pl ane

in which oop of the antenna lies may be substantially
per pendi chv:agap%;ﬂ%g%ggﬁasrtl cle surface. 100491 In sone enbodi nents, the first

and secor[d040jridGst i ve apd)ﬂVB@fEngﬁhstdmOaardttmgmxampmﬁastamedmdrda&itamed by an
antenna material includjing one rtiaqn ni nti nuous

| oop® f or HTYRE e PRacterizh Ty lragt OfbdLreRes R%ﬁé %@gﬁﬁé alngdggmay be
defined byogy) qqa;isl DA 88 188 awgraﬁtﬁt&ms@m%ex%pms@an@é ﬁatréac@ﬁicky

conducti ve artlc e surface on which the RFI aced. In the latter
enbodi nmeruyves tigt @hrotetdrizaltheyslit \zi[ﬁs@ﬂiﬂ&#ébﬁ?o"ﬂﬂﬂ@]’ VagJSf (3) II9$ 015365@ Kdhduct i ve

article n he enna rial, define a dosed a current
flow Tt ideoluaf 2B SR e EoPaedfatimil BSienoiiiap inbenna, The
electri Caduh)és@m@h'ﬁ%ﬂe‘t’&lzé i A 8RS FRE) ANREMD B IAGSAN 5 ABMd filogm t he
cl osed Ioog via a direct electrical connection or via a capacitive
coup? i ng.[0043] FIG 20A is a schematic perspective view of another RFID tag in accordance with

this disclosure.

[0044] FIG. 20B is a cross-sectional view of the RFID tag of FIG. 20A.

DETAILED DESCRIPTION

25 [0045] RFID systems have become widely used in virtually every industry to track articles
and prevent unauthorized removal of articles from a protected area, such as a library or
retail store. Conventional RFID tags used in such RFID systems may, however, encounter
a number of adverse effects when attached to an article that has an electrically conductive
surface. For example, the coupling between the conventional RFID tags and the

30 electrically conductive surface of the article to which it is attached may result in a
decreased read range. In other words, the range over which the tag can be read is

decreased.



5100501 A "3D configuration” indicates that the antenna lies in three

di nensi ons, and referencing orthogonal x-y-z axes for ease of description,
t he ant ermwi@ 2bh@g102M4x- axi S conmponent, a y-axi s conponent PCRAUS2@903WL1 S
conponent. For exanple, the first and second conductive portions of the 3D
| oop antenna may lie in an x-y plane while the portion of the antenna that
couples the first and second conductive portion lies in the y-z 10 plane.
More spedPP4ealhiydiselpsure desgtinesot thegeedimepsienad 3P kleep aternbaichax edpet t i ons
nmy l | € aaldg&g E&gct foqﬁéﬁ Mahpeeomn%ﬁlj){a tiﬁ%hfakéﬁ% r@&gd?&ﬁq & giﬂ%t' ve
portions nmay fre a ong Fe y-axi s. e pogtlon of "the ant enna 1 ha coupl es
t he fi r stat@ibdtablaonict @aplin®bawieen thieR FADahfetd theyldctrtdalideomdueangtdifachat | i es
along the z-axjs and a wi.dth that |jes -axis. Sﬁch an antenna

| th
conf i gur &% WHehae RE D ggés Elﬁ%edcJﬁlﬁbﬁtum@sgggwnﬂgléaylimpﬁég% st yiligha as

15descr i beghib Ondobitd élf‘c{t%é?H%l@étén&aﬁ& Wbo-dif&sifal @1 RBDERMMGANTRYnORFARE, | N the

ultra high frequency range, e.g., In a frequency range 0O
appr oxi nehetopd 3@@emé gdhkelobp atvhizd dasgnappr axcorahed witld thys gatlesirz n{a@io) .

However, .ot her. erating, ranges._in the. radio frequency ectrum may be
Used. [ OGBHORPRBED up v HES REMP i el or Ganeatr N RS
di scl osurgragy reduce 20adverse effects to the performance of an RFID tag,

such as a decreased read range, that are attributable to coupling between
t he RF1D [08dy]dtid Datngedestanci smidopraspemiwih ithie disclosure encdwdeshil? tpapretdRPAD t ag

is aced. In,othe rds.. a, 3D..] pop ant enn fiqured,d accordance with
Lo 20 &P oyt 28 RER AL 2l SR G R A ek T B3 Dol a" S

when coupheddds Rt @ndGéthicqaktion IRANGUCIchy@ 84 ffidkehwliubgardialll kxswt at ai ni ng
relatively small 25interrogation transnit power of an interrogation device.
Rat her, tthiskmgss pf thedirstirapdugiive paeiontand ligin p sy plance Aha g gondustivexanpl e,
exhi bi t . T r i -oxi mat el y
3 met er sy S AR Rafl s 6la LA ARBLANATR RN B f GRLLLARRIAN' T0

t er m " r eabatrsabgaitiafig recallaythickiias sf tho sacondreonidhictiat pogionpead ditiimg seboatl ance

between a reader and the RF1D tag. 30[ 0052] However, it should be .
undé? st od&ar%ehgﬁeﬁgﬁpﬁéﬁcqnep s %erﬁug%m wa'faﬁghtowaﬁago Fr- g} @Bt St han

appr oxi makeliyy Qnd BRE andRRLBRY corRBctiNd forBEnsdR 3 CLBRdobNihhNi& iflagkik@sure, the
3D | oop antenna nay be designed to support any read range, such as a read

range of plesghithanotlsdbstyidial@arallobip et USPERONDBIBHG]1 Thepuoxrntaridd/inone

foot (approximately thirty centipeters), approximtel e foot to ..

noor ox, Al Aahsabebd et o S R RGBin bt et Bed R IBrbiing: o1 y

three metgis) thaffs bAEIRRLERTed PR RIDVHCIR! €f Yint (88 cARRH a(pdssprl RFID ta?.n In

approximately three meters). Various de5|82 paraneters of the 3D loop
{0t 8

ant éhna redlerbestengeu steedntleye epshpbyrpaciivd &l ¢ha REHRcipfuit Bihegaseatc a

per f or mange i r ades of e..qgoverned by the particular
appl i cat igna @l(rgt Shefics e gﬁgg"gﬁri’lé%pthgﬁ{”zdrn“@¥? Eor&egsrgned. [0053] Additionally,
t he RFI D [0o4B]dFHsERISIDO@S i@ figercdBdeH thetwiérd placdd onessilrfac® 6f amaréicidehaini ng of
the antenna by adjusting a feedpoint of the antenna. The feedpoint of the

ant enna if&stHe spedinldies atc suhtarialy nemllehiodhesiréice ofithe artidy- Bnibp i s coupl ed
to the a%ﬁﬂl@ﬁ the plane of the current loop through which the RFID circuit excites current is not
25 substantially parallel to the article surface to which the RFID tag is attached. For example,
in some embodiments, the plane in which the current loop of the antenna lies may be
substantially perpendicular to the article surface.
[0049] In some embodiments, the first and second conductive portions of the 3D loop
antenna may be defined by an antenna material including one or more portions defining a
30 continuous loop for a RF current. In other embodiments, the 3D antenna loop may be
defined by a combination of the antenna material and an electrically conductive article

surface on which the RFID tag is placed. In the latter embodiment, the electrically
9



10Thus, the RF1D tag may be nodified by offsetting the IC chip fromthe
center of the antenna to either side. Retuning the 3D | oop antenna via

adj ust i ngwoheo9werpoi nt enables the RFD tag to have a reCatise@dp3monpact
RFID tag structure w thout perfornmance degradation. In sone enbodi nents,
the RFID tag may have a relatively small size, e.g., approxinmtely a
quarter wavelength or less while maintaining a read range of

15appr oxiGeadedtiyc agidestfase aggt bgtastenpamgtesinl s%ﬁinélaw@eﬁémrf@r dEuIGend Alowi )

W thout tHg ngedo{ rcti{fen%lﬁgﬁssﬁgaéeea?cgs d%ga‘é(ﬁft;le %ﬁ%ﬁfeh 4"y eétﬂ?zﬁ%ﬁnt enna nay
further be designed such that a portion o & antenna functions a tuni ng
el ement toondwmitivh samfadergpd didnaecroh dieriAmiagrtoan tle dosed ipedaaadieét the |1 C chip
to which the antenna.is cqupled. As an exanple, the conductive trace that
forms 20tHEHB! FHYISCUM ¥rria2 FeBACINEICQWR e or nore slits that function as

capagi ti vgo4¢{M *Epeb Lfon”ARdiaeL A& the éﬁgﬁlaeﬁestiﬁ eraPdinRARoAN AN MRy

have overl appi ng conductive portions that nction as a capacitive tuning
el enent . rérancingrarthegomt ampk exestthecaso nlidesciipteornt, thwcamtdnnahas ar xexishe 3D | oop

antenna may include a region of interdigitated nductive fingers to
enhance tRIRORFHGH YANSSORBPNEEL A £ 6HF Y POICh LRI PRBICGIMEFERGRE ¢ uni ng
dement 23desidaidad@dtie Peffink BEthel STSRBERAARAAL May 1iBEn SDxlyqMMmANRIRNRR MBY
utilize nore than one tyge of tuni nfg el enent over| appi ng conducti ve

e' T . .
port i ons nemigoneoishé antefigB&]copples thetfirpigpndesatomd qogglmtls'o pdeivorlich avthe orz
attaching,an REID ta ch as t.he D.tag described.in this disglosure,
Fo. 38 cubdiafl e RS neaaihe Monelir s R n B0 AR T Fh Rl ot o RSB °%1's o
limted taorpStBe Wakhs MREIR: el of thelflistiang s@dank @eRd R E pHdisns By tiesthigbed i n
the present disclosure, Rather, the nmounting nenber nay be used to attach
any sui t db¢ ¥-arpi Dhe fgrtioy of thasenmahadicpyplpoie pirdpad seepd REBIONTHEOpuUNt i ng

of 1 bbed gl REHE T B oo R YPHBREHE s Tk bidh B B EfuRang o Y
across t haisRubh tagnteanpéanfighiatipn ofoufl ¢duas thetchatntdoep waciedhapamplarcrasm each
For Tai t achHIedHE HBAITAb R dHORD HoBaF Fak BRY Prrgsdl 4R Jrehided
(subst antdalbyc fplréﬁg%[ é.g.s'ﬁ{ h 8CGucntQPafzt o'f(h ro Din'aa%e@ 39@&%@%&\(@@’2 ew of

an exenplary radi o frequéency identification FI D) 5system I0 for |ocating
a pl ur al itb ypobxamdtély Besgdh2Az (GNz). cldd et ofldryoptating cdngss bahg radRFD syst em 10
i ncl udeséRFI D tags ,14A- 14N attached to articles 12A-12N and a portable RFID
reader 1 Te%@@hs%pgt%gwggw% ‘interrogate and obtain data from each of

RFI D t agg0d34! ABD(66) Aﬁ@ﬁﬂa\&hﬁﬁuféﬁiﬁi &R cbRfificoldith thiMdistieh e mbg rBdiccbe, for
exanpl e, both electrically conductive and nonconductive conponents. RFID

t ag80 14A-atlaprsealderts indhanerfermagegefrmRi ihtagi sichesas deeeasall ovig remes, thapxes, a
O Nl BRAS ST R e KERY o A0 RRLAN L IRl S RASHT o

al ong the z-axis. ogona Z"axes s are referenced

to aid deslgch fciRINDOGg ieadddl bh begr @brdsha SDdogCASIHa&onARdc@ie Not i nt ended
tolimt the scope in any way. A surface of each of REID tags 14A-14N in
the x-y pceerdancs vad) thissHeclosyre may priians onpossiblyi iBgraasepiss reofragd cHet i nes a

"cont act ﬁﬁgnfc%ﬁﬁlea'i&gn gleétﬁcﬂﬂﬁconductive surface while still maintaining relatively small

25 interrogation transmit power of an interrogation device. Rather, the RFID tag that
includes the 3D loop antenna may, for example, exhibit a read range of greater than
approximately ten feet (approximately 3 meters) even when attached to an electrically
conductive surface. The term “read range” generally refers to a communicating operating
distance between a reader and the RFID tag.

30 [0052] However, it should be understood the invention is not limited to a read range of
greater than approximately 10 feet. Rather, as will be described in this disclosure, the 3D

loop antenna may be designed to support any read range, such as a read range of less than
10



15enbodi ment, an x-y plane of each of RFID tags 14 is attached to the
respective article 12A-12N, such as with a pressure sensitive adhesive,
tape or fwearepossw2Aaay ot her suitabl e node of attachnent. PCH/USRNR/033671

enbodi ments, a nounting nenber may be attached to each of RFID tags 14. In
such enbodi nents, RFID tags 14 are attached to respective articles 12 via
the nmounting nmenber. 20100571 The pl acenment of REID tags 14 on the

r espect i \APPERiMgryone faot) (apprexgmily gty pereegies), tpprosingdeponafeot &

descripti : ' - ' I Lve: 14N vi a
radio fr e%gléo(r?\{l:ri}gt? E@%ﬁ geﬁgﬁdgf’@i“é%giﬁm% cteﬁg?le%iﬁtﬁ;aﬁ)ﬁ(&?ﬁ@g Itfé%g r?egeﬁ )bf RFI D
tag 14A an gagatdrehan dppfoxématelyesn ool sgeattothuid appraenfassigthetdmBetd) Vedslsr 16 to
associ ate, a descriptiop or._other information related. to article |, 2A with
REI D tag dfgl&ﬂ@ﬁ@ﬂmogih@ﬁg 'gon gnighes pay ??\dJaﬁe‘_%aYot iFaP & deriEAds ‘ﬁ%’r?rO,Af\f r eader
16 My DéohpeATRAbAhLelaAl i8N TR AHRL Stk Aoy R TovabORR LR RQRGSS and a
user does not necessarily need to utilize réader 16. Reader 16 may

i nt er r ogatpeli&FEoD foraghith thdBD trepenamnacg desigaednal 18, which is recei ved by

t j d wthi D t. 14A. Th i =Y typi |1
o i s DS BEERSally B ReTTeR GiBRarnts wh ba e R B R T Ve (e
RE ener gydcaMimah@ahe tnteynd 82 stih adBipoink of I ahtcBhsl Phd RBGIIINIQIf thdhe RF

signal 18 exceeds a read threshold, RFID tag 14A is energi zed and
backscat tastenng krethRiDcgtigmat wiigh i oviegrited cisewst (1€) cliip dudaaipled te the antdninde

informatign . r (sl { he,obj t.0 ich the i.s attached..This WO
2008 100 7R BEIR08 A5 65 Mo sdaf Aty i Ao oS 2E0EROLAS R 1
as RE si gmédnnd ® cifRakide.sRetufithgahé 8DNeoeaadngs/iRidjitingdhd fAddintcabblest
energy sufficient to power an RFID circuit, e. | C chip, coupled to the

¢ g., 1!
ant enna. thoBEHA taptgihasg p yelativigly cuppass RF I tagpdrugturgrithowt pefamepsice t he RFI D
circuit r . i f . ters the
nodul at eﬁgﬁg#é '\%gbﬁﬁgﬁla%ﬁggfﬁ%gg%% ou p%g%gaﬁﬂﬁll—zg?Zggtéﬁegggﬁgﬁ%%&&%’ect ed by
reader lGppidxémitesponmetcimayvaiansh ot leef while ikihRitiag airckeithngd € , whi ch may

match an identifier stored within a database of RFID handhel d reader 16 or
an FFI D rRREFERUAY %_é?%g(?ﬁ&r RSORTAtoNy § Brctert P@%ﬁeﬁﬁer)twg*%gﬁdwgg?%y

consi st qﬁc&g&dqéﬁgﬁme}‘t al of data fromRFID tags 14 to reader 16. Reader
16 may interface 10with a data conmunication port of the RFID nmanagenent
syst em f d00%4ritheriX kiop @nteofia thay durtet e desigine suelathet a pértianaf theenREnD
managene system .The user (or .an autqgmated or sem -aut onat ed i ne) may
i e Reestiog Adinide bR o abelb i AR 45 e (G5 BISBRATIRE Rel
reader 16¢adhip ewhies BRGkdRa RdodipleddAshd cxdinp R halcb¥@lcyive BRE Rht fARNE
articles 12 may pass in front of RFID reader 16. 15[0059] Wwen an RFID tag

t hato i ncltheldR leep anienmaraayonclade gpeoryapic skitsohpt finrctiones gapacitiye tuning
elements. As another example, the 3D loop antenna may have overlapping conductive
portions that function as a capacitive tuning element. As a further example, the conductive
trace that forms the 3D loop antenna may include a region of interdigitated conductive
fingers to enhance the capacitance for better tuning. Although the different tuning element

25 designs are described independently, the 3D loop antenna may utilize more than one type
of tuning element, e.g., overlapping conductive portions and a slit.
[0055] A mounting member is also described for attaching an RFID tag, such as the RFID
tag described in this disclosure, to a substantially non-planar surface. The mounting
member, however, is not limited to use with RFID tags including 3D loop antennas

30 described in the present disclosure. Rather, the mounting member may be used to attach
any suitable RFID tag to a substantially non-planar surface. The mounting member may

include features that promote flexibility, such as a plurality of ribbed structures that run
11



attached to an electrically conductive surface, the read range of the RFID
tag may be substantially reduced. An antenna of a type well known in the
art may bEOai®Doeiipol e ant enna, another 2D antenna, or @®CHArS2@@oassrennas
known in the art. When such an antenna is energized by an interrogating RF
signal, e.g., RE signal 18, the interrogating 20si gnal induces currents in
the conductive surface on which the RFID tag is placed. The currents on the

conduct i \aongariageass teddilP tag ehloifoefayias that pregpacedpppg fompeaghsthareast
partially C O i

D oe C]hg%{k?r%i &Eutgﬂlg% ;rﬁ {5 st%cgﬂ%&& %P{] It'eeﬂ Blﬁw]ﬁ){ atl: ‘?ur tﬂg ggoﬂrﬁhﬁﬁ%

ori gi nal rdtﬁﬁbegno uahued oirheagamrlfytshqiedt(htﬂ)smhelrhy\ﬂon maﬁa:lasm&cand reduced
overal | di ated by the antenna may. be red ced 25such that oes
not exceelastfﬁeF Pedd ¢ RFraRISENE Y Qi mﬁ%@ 1 e RS dgRfHifatiop ﬁ%FerS
rangg of P&@nﬁ'ﬁ' figr RGBY Pﬁ?alftggf'%g leSYER_ fi}@g otllQ@mBg)J Bags {#) Rpfisr ed
usel ess, , cannot be y rea m a us di stance. For
exanpl e, sasteﬁHIODntlagesn&E/ID)Egaﬂ4ﬁel@ﬁaﬂtaahai tooarticics l%lQNra‘nd(aqaooﬁablarRFeIDtl cl e,

where the arti Iel | ocat or des gnd uch that read t
bost ti ondavet dEeriER B S Mty ParoRULSa 55 e A RETY S30Ret or s) to
the RFI D uag(cBR6ANSE, SRFIMMLSS ¢&h). |Arfteal2 8RS bel fdr bXtndpl6 B0 clebtrithlg, fi el d
strength is reduced such that the read range is |ess than ten feet

(appr oxi reendugfivg ang nercondugtivagempaieniyR NG tape [ 4 [ Ntqgch emthdelsdemRh D t ag.

WO 2009/ 714PCT/ 009 33671 10 n_acco nce, W th.thi osure,
noudber . B GFeerEAGRE eS¢ A0 e DRSS REAPEE e atind p Rl

mtigat eshatis hﬁa@te@aaﬁg ok ztdxes. Priyréivgotlil XCHS 06k sehbwen WG h grespect to
reduced read ranges in the presence of conductive surfaces. As discussed

with ref delrmsced B @crlntlarhaf e iRF IR temelthisqschasure, ppdargmof wigdadhienna

i ncl ud £ th

subst ant i1 SboREa Y st B BRERL BREBGAIB &G0 M0 Wk ol o
a first pldpuent tdhie febpestiveandieciavi2peand definek & “edietadtsindadel aycacOUpbed to a

second conductive portion having a len nd width that substantially
excédd a ef"ﬂ@@l(ﬂ@gsapndf'ytp c9 eﬁtoofcRoFﬁﬁtfg V@Sﬁttﬁtheéﬁo disdetneeyGariclgecond
pl ane. The A i5§ts2Rds %@cﬁ%’lﬁes@hﬁ%@ﬁslﬁveeacﬁ%% YW @b Ftﬁraﬁkz lofler Tslﬂta%[be

another. A current 1s excited through the first and second conductive
por ti ons medesofaittachendnt) howrmetmnbddlmsnts,m mourttmgdn@h‘mmnayﬁw atfaghaildtp cach

The o i raEARBSREY! o stttk S0 BESE esPARORY ¢ rlrfiEer it Secona

pl anes. 10064 theThoundiRgln@@beant enna i s configured such that when placed on a
surface of an article the third plane defined by the current |OOEIS not

subg® ant i (8057 Twrpdadeaient of RIAD ey HCD@ﬂ@lIﬁmé@Vel@tl@iveéHth@abdﬁ HRg is
attached. reJt({% %8 rroeases\gé)lgtgla%nér pt10%1 %hftlrcfle PJABI 1th\’\{ftl1I %13 %(QIVG betné ! oop of
the antenna 1ies Ha af 1y Ser en W'ar P | cI e°surface.

I n ot her ModsN V(Hl@diMquhBﬂldyk(R@f) sigh@lstlblaﬁamessem@hlpe@@ﬁb Shcdntedt 6oNnduct i ve
portions of the 3D I|o agg 1antenna defi ni ng pl ane that is substantially
¢

per pendi & tag d4 6 agtiele 4R capbleseaser fq u%lwdtaadlb‘%d BRH2readsbld tohowever ,
h h h
that the §§§ AROP d@&ﬁ@ﬂ@@omxﬁﬁﬁf 9@%@& fetiiatéd‘tgaa?t\( ggﬂg%ﬂﬁe Cur% M8 i@ the

article surface so as t ane ent | oop of
t he23D | Ripsigndleh®and $9 nbit armlteﬂtaaamtmbddlmemareadd:re% hay bdnmcanpbraﬂ:éci'ﬂnmmf ace.

automated or semi-automated process and a user does not necessarily need to utilize reader
16. Reader 16 may interrogate RFID tag 14A by generating RF signal 18, which is
received by an antenna disposed within RFID tag 14A. The signal energy typically carries
both power and commands to RFID tag 14A. RFID tag 14A receives the RF energy

30 radiated by reader 16 and, if the field strength of the RF signal 18 exceeds a read
threshold, RFID tag 14A is energized and backscatters the RF signal 18 from the receiver

modulated to include information regarding the object to which the tag is attached. This
12



10062] In sone enbodi nents, the antenna is defined by a two-dinensional

(2D) piece of electrically conductive material that is forned to define a

3D | oop. Wheo@/wetini cal |l y conductive material has a | engCh/tseaomssvh t hat

substantially exceeds the thickness of the 25material, and may therefore be

viewed as 2D. Wien forned to define the 3D |l oop, the electrically

conductive material may be viewed as having a first conductive portion with

a | engt h tagkpcaiteredh sigyalngrapresanted psklG |l s R Favignad 18 e dbads.dbaafernacaablss t i on

havi ng a j ' &N [ iakly

par al Lot VaTHRd 1#RHo thRE A DRHER RTEARELPRRNS chlBh o IS EOHAE

ant enna its tlebednter@d. by a 2D pi ece of conductive 30material that is forned to
tion.of a |oop and a conductive surface to whjch t RFI D t ag

define a r

is attac B0 cFiniRedy g SwoRs RABF OpMOrhieoTHaYs, PRI %Céﬁée%?é]@%}%@ét i ve
nat ef | al I@I@H@léﬁ%&ﬁ)réati@r CRHIULEL 8 SHH ARSI Red ﬁgﬂélt\@@thé Qnﬂeﬁﬁ’zpto oul?llg.rt_
coupling may "be an WD 2009/ 102714PCT/ US2009/ 033671 el ectrical co i ng,
e.g., a dinrRictespimssitcht detaed by walerclkon nBetresponscomay poresise of aroRBHM 6t ©
coupling..,In.this.manner t least.a portion of,the el i cal conductive
ortPol o ddrisien Ty maedtm 55 i Bt e Lo S ISR op "ant enna
forms a ghagedeel ke RFID Trﬂh'hﬁg’egﬁbn\ﬁ/@%s@é}n ehRGhéwER|AlGdtRREy, BRNEipIHUSLY 1 ows
when the 3D antenna is energi zed by 5an RE signal. 1008h] I n this way,

unl i ke diqoosist Arthotrinsmiteeh ofdete dreas RIED tageidwm réader He Readet H why eterdager ent
flo in a.plane that is .substanti arallel to t article surface to
uht &b ¢ ettt AR <o Bhunl BudinBa St Bl RamPls i ReidBe AbinbGe S ha
the 3D | qhm b esinie iRen arkiXpe RFED e@nhpenad yaitar. Th asdrsoddnt sutdrbiitadpl e to

an electrically conductive article surface. 10The 3D | oop antenna, for
exanpl e, QragmidttomRisdmmache) may yhieaRFIR reagerd) hiordpetens @aaote aHidcsiten

attached . i g 1 n I I uctive
ot ol o e AR e B e b BT T he
3D | oop anmtideni may passdu €eni oERIE Dereaderits i n t he conductive surface that
enhance the_r ran of the 3D | oop antenng, i.e., create a .

ol odt r omdgied @b & BE0S et %tﬁgal»l@ﬁéﬁn@@reyn%aﬁ% 06 “thknor 18 thfetbisat ed 15by
the 3D |0a@rﬁcl?c'att§'aﬂ%lecfm§fl¥ bSndudiesurfige, 3 1R ParBRLE IR D taf nflyRCt cont act
or near contact with an electrically conductive article surfacé, the

articl e substagellyaydumed. As aategnooftypk aed knloah imitheragt mapbe h BBgdpole

el ectromagneti c denepts near it to the orientation_of RFILD tag 20
el at ve T hemORRUAR AP TE e PHICE Db ke PGS ET Al an FIFHIGS, 24, 28,
3A and 3Bntdnh€ id8rRr@rRthyodn ihi¥RGest F 6ighaldees RFigfa@ g &he (@ rddagh _
radi ated by 20t he | oop antenna, but instead, enhances the field radi ated

by ehe 3Digngbmduersenrants Thihs condustist swface oalwhick bdifdbitogisarleded) dhsur f ace
mrrors the gleglfd §o%'d SN S d ér%{]{‘e 09 LU ettirc“?’eﬁ{? ﬁﬁ?ﬁeﬁ% Ea’&&a.
resultingin a "vir ual“antenna af" s appr X1 et e y tw ce the size of

the 3D | qupidRtansds thEfRlds\prédudad b fHetinbanal Ma¢ bstricliviesudfact dlepnapt enna and
the mrrored or inmaged current |oop. 2510065] .Regardl ess of whether the 3D
ant enna iQugfdhf Hapedsycoighearcyta te shidiulsem ke originglidgsigepalyg. Fheplfof of
conduct i i i | I 'S
pl aced, ﬁﬁ%gg%ﬁﬁgogegﬁﬁg%ﬂgﬁﬁgéghhﬁﬁﬂfﬁﬂﬁ2%ﬁgﬁgg¥@%%@g%§§gE&ﬁ?f%?%ﬁ% in the
condact i waclsthaf adecd tatexceddled wad Heedhbkidbfche RFHD tdpy 1h loéhee wiordsnthelreab, 1. e.,

Al TN EREC AN S N PR
cannot be read by reader 16 from a useful distance. For example, an RFID tag may be
attached to a conductive surface of an article, where the article is located or designed such
that reader 16 cannot be positioned closer than approximately ten feet (approximately 3
30 meters) to the RFID tag because of physical limitations. In this case, if the field strength is
reduced such that the read range is less than ten feet (approximately 3 meters), reader 16

may not be able to read the RFID tag.
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30 created by the current |oop forned by the 3D | oop antenna. Consequently,
RFID tags 14 may have an increased read range greater than woul d ot herw se
be possi bWve 2eewt2ather 2D or 3D antennas known in the aPCI/Us2e00083671
significantly increasing the transmt power of the WO

2009/ 102714PCT/ US2009/ 033671 interrogator. The read range of RFID tags 14
may, for exanpl e, greater than approximately ten feet u&(i;;reater t han

b
appr oxi P86l I3 aﬁﬁrg%@y Wil this disedosproa Revieter punker mtre phBRFIhfagp 6 dealede
renmains raeilﬁlidoéealn}/enﬁg Qfaté m?tﬁfaﬁést at ?&Qﬂ’go?nebo% tﬁ'@}gt%{)f%hﬁqgseu%%u ¥&e W%ﬂ}{' at ot her

read ranges are possl er exanple read ranges 1n e a read range of
| ess t hancgepipoexdurad eday ranpes frott ptapprcoficondietiye tinfacty. Aedistumstédwith and a

read range.of approxi mately one foot t oxi mately ten feet
(appr oxi HALENFe m@é_, P LSS dﬁaﬂa%ﬁ%%ﬁ\%ﬁa@%ﬁeyn% Hebdcwe ey s). 100661
FI G5 2A 13 é&@%ﬁﬁidnqla%{%%ﬂ%g th Yfd Wit s@LeBNaHIPL & RFL %i&lﬁ&s@@fth@%t

i ncl udes 3D | oop ant enna acer material 24, and 1C chip 26. RFID tag
20 is pl dostconduaiveipottenlddlicfinedir@g$landl (Thedyst cooducsivopnrtion iF¢I&trizgdly RFI D

tag 20 may include an,outer .l ayer. that. hel ps . to protect |1C chip 26 and
antenna 3ouplRin e soaneandiea it BVun g B adRBh s R GRe B ayer
may al so HBidkhelsSf iR R4 PdhAE@FL pbiidhting 1#8n aRECoIR plARP TABRARAI22 from
physi cal damage. The outer | ayer nmay be formed of any suitable material,

such as acednglirdanpa ey julibtaiitéally, parglehpsonsrangden m eyrrent 1sexcited thspwghrthe er i al
(e.g., p imde). In other 15enbodi ment t ut er l.aver al so extend
et 5 oM Bagonddafidih b RIRBEL FERAT ookt B A Bl RN B, ) &
chip 26 issbehebllyipaalleytoahefitseand cdld plaag. dAkEms as2Acyy, theahROpiane neRds 48A
and 48B of the 2D strip of conductive material that forns antenna 22. For
exanpl e, becubsppiafy pgipndisulepipfhe firt gndiprcenhalapss. i . e., ends 48A and 48B,

ei ther di I | Vi

i thin rePEF It Boalcn i BRndired A AR R o T G B 608 1
chip 26 rhy thirdglladelctinedivparie andhoboeismotsilisyantiollys pankelwd thei antidREkidficag 20
uni que identification and other desirable [.nformatiaon, interpret and
process éa%ﬁﬂd@eﬁ*e“i Gl aftp tﬁ%_sqrm EPPRAEe ST A 41 HURIFE MPBRELHG t o
requests d,0tnf B6QbMMELARNEY 1iERay? B ﬁIb@fahHQﬁIIi?elrorP&ﬁi&ﬂar 16 BRAgfcId BufccFl G 1),

and to resolve conflicts resulti'ng from nult e tags responding to
i nt er r ogdniogher siomdd, bammey $hiyk obt itlonlaldsses of Gaahmfph@@ndaytiveeoresparishoe t o

d d/writ ting.the inf tion st in. an int |
menory as ThipBabn b befuies §BREs RNl S huk Rl mrnen g er ke Rie Rt egr at ed
circuits siidubbeuddRistdte hbWeldk; thlditRe 36 1@$CF b dAatrg; Bloridheddutl @ny hRsBer

avai |l abl e from Texas 30l nstrunents | ocated in Dallas, Texas up@e. , the Gen
2 1 @ | i nachiivpioobaerts)e suiere Selone enthedhiod planedefined byrtheryrainglaop, of the

o et g el SR Rl B RO T & o ot roni
[0062] In some embodiments, the antenna is defined by a two-dimensional (2D) piece of
electrically conductive material that is formed to define a 3D loop. The electrically
conductive material has a length and width that substantially exceeds the thickness of the

25 material, and may therefore be viewed as 2D. When formed to define the 3D loop, the
electrically conductive material may be viewed as having a first conductive portion with a
length and width lying in a first plane and a second conductive portion having a length and
width lying in a second plane that is substantially parallel to the first plane.

[0063] In other embodiments, the 3D loop antenna is defined by a 2D piece of conductive

30 material that is formed to define a portion of a loop and a conductive surface to which the
RFID tag is attached defines the remainder of the loop. The 2D piece of conductive

material couples to the conductive surface to form the 3D loop. The coupling may be an
14



tag 20 is described as including an I1C chip, other RFID circuitry may be
used in addition to, or instead of, I1C chip 26. For exanple, RFID tag 20
may i ncl Wi 2a09%meflace acousti c wave (SAW, an organi ¢ CIPCEWMIS2Q0908360t her
RFID identification elenent, or a conbination thereof. 5100691 In the
exanpl e shown in FIG 2A, 3D |oop antenna 22 includes a first conductive
portion 40 having a length and width that substantially exceed a thickness
of the fidlestricadpeidinRyeepdirtdmhysral stectisabiermpetionger 41 Jectepmnagnelic j n a
first pl el i t ' - £ 45A
es i h e ot bR B o poldbD I Eddecr el Fondfen sk BLRLE 170
porti on 4drrhathe3® laop emgihdn. dndnpicaichthic 38X losp bsteamdt foadnb ¥ ckywcdeidcuat
10t hi ckness of th econd conductive portion. Second conductive, portion 44
lies in dngws Wéﬂ% ej?féﬂ%g BUH H4 COPENUOY Y ¢ Pi‘fsi"él}qny}h?)gpé‘me@m BEFigiEd By ane
45A. 5 Mor g speGLidical |y, second plane 45B also lies in substantially in the
x-y plane. First conductive portion 40 is electrically coupled to second
conduct i V80@4rinitios whg, wilkecomdeot othe 23 iteiomes Wi lanodnds theTdrtim, winomduct i ve

portions 40, 42, 44 and 46 arc el ectrical cqupled to . forma.closed | oop.
T 5soms EBOH R e o DLTHEN PERLLas hegsica s od ¥ B or e
froma sim@nga 2RiabRddD 1R 3re|RGahicamd IsYoraRdyaet thet tRBBEX loap aMERRARE, Astound
spacer material 24 to define a | oop. In other enbodi nents, conduct’ive

porti ons eap¢rienge thieqadversd e ectaratirithsaia theanofleaieadlytdeaduasive attdlssurfage. [ 0070]
The  exanpl.e FIG 2A idlustrates 3D.|loop. antenna 22 as..bei.ng a generally
20r 48+ angUiead 1058 B bk bR, S Hgn s AL U BTy Ak E

r ect angulrafigespigeatiabiddd toor positidmatih akbdrcohtacl @h by ckp@Relly saidattivad arddle
Conductive portions 40 and 44 arc substantially parallel to each other and
gener al | yuHasq. feathsrgwhenyencrgigckhingt BirTogriing REsteaal theatD jespsntecopnd¥t i ve
portions : 4 . - whi i - B

Gt ect i o dftaeeltfieR B bER e el BRI ol dE Bt
exanpl e 2bidnhasiter,aredk i sleftkdEnaghbtic Goldhatcougrparly add# thnflcldgaderatedve

portion 40 haye the sanme | ength and wi_dth. However, in other enbodi nents,
condct i jﬂef tEe,‘éﬁi I8pp aticHRy TR o e ﬁghlo%ﬁ%?%‘ﬁ 5 & 5T FOHAS AT Nednduct i ve

portion 44,mRYwhE ah QREGICall]EShdRSMAUGEEN Suitct 1HRRrdtJe surBRANGL EaPr tion 44
may be wi der than conductive portion 40 or conductive portion 40 may be

wi der t harowshgast thetempors oimagds cl8@fd@dagbEtiColaohacts ined ipolPu¢ torbe 42 and 46,
whi ch | .ond I tions 4 d, 44, def| i des..of the. I
'oop ¢ hatorisriain B RS P Ul bR e 2B g iskirbedr o 6% B 6t BB Snd 44,
and thus 1| 2mes A4 38)thAaBrorsd Seitnagdd Bneert Body ot Saie! MR taMiatddasyal | el to

each ot her and each have a | ength generally equal to the height of RFID tag
20, 2&hi chh¢ dDAeesurtetnaabwnepteadecnhagsgsshe Tolddeadiated by tasy I dovp apenamd 46 al so
have a widt r al.o the y-axi i ion... 1n. di nents, the
| engt h an R tﬁ? %lse(g)tfrl%g%sﬁ%c |Ct\1/Vee apréglf% é%%%C%é%g%%%ﬁgleg{r}g%g&e% gﬁ \IVi’;I ly |arger

than a thhekgess 315 Idopentasdastiitmg ide OVgeT invempothat BRpprax@hatdly tAddchough
descri bed as a substantially rectangul ar | oop antenna, 3D | oop antenna 22

of RFID tthgsizoohty Spdoppanteniad ecirtyraentoma seudastniia loop aémaend a
Scampr e, B RO S TRE e85 14”43 mmy not be substantial |y parallel to
one2anot H806X rRepardless ol whethor the Gsamtéhnanddefined by a piece of conductive material

or by a piece of conductive material and a conductive surface on which the RFID tag is

placed, the 3D loop antenna does not induce an electromagnetic field in the conductive

surface that cancels the field created by the current loop, i.¢., the 3D loop antenna. In fact,

the image currents induced in the conductive surface create a field that enhances the field

30 created by the current loop formed by the 3D loop antenna. Consequently, RFID tags 14

may have an increased read range greater than would otherwise be possible with other 2D

or 3D antennas known in the art, without significantly increasing the transmit power of the
15



1046 may not be substantially parallel to one another or both. [0073]
Regardl ess of the nunber of sides, however, 3D | oop antenna 22 nmay

subst ant ivDI2gosd@biine a cl osed | oop through which el ectripcaluscamioassy1
continuously flows to forma dosed circuit when energized by an RF signal,
e.g., RF signal 18 (FIG 1). In particular, 1C chip 26 excites a current

t hrough conductive portions 40, 42, 44 and 46 in a current |oop that 15lies
in a thirigteppegter. 45 reqhenge pf RRID fags p4 thve (g 19X eoplguls gioeichdat i ons 40, 42,

44 and 46, _J.s..kenr i I i | 1] tions
30, a2, AEPRRESAGERE i in SRR S ni e RN b

| oop | i eshé mteradgasubahaing reddtlvlypanatahte 1t sioufd Bedndetsaovel, Kowevandhsetioord pl ane
45B. In so enbodi nent s, tEe third plane 45C nay be substognti a}|1| y

per pendi dGaPNES HF P%%Slbsz-é?{ CIAZANRIYd TGP 1BF1§ %aﬁ@é.ra%[ éeﬁ&]t 4 t he

exanpl e i : | I : i f.] h t hat when

pl a(r:%;d ona!pgtb?%%?gs’goéf eo?&a(%rfréégl aé%gg,’ @%lﬁgg?lﬁgg%t&sfgﬁed %gi?%ﬁgugecond pl ane
45B ar ¢ sapbsixanitehldng fpatrtalkppoxinmtayténafeet (@Bprokinaattly chigy 8ontirhgtersho s manner,
current | OO? thag[tE d[ﬁfi ne% third plane 45C is substantially perpendicular to
article ARPFOIURdisly tig§IIS). t he pl anes 45A, 45B and 45C may be oriented in

ot her pogYY6AMAGSEAT 4 fAbmblié pélspcaNevRRICof an-RampleFEFIBREH DO @Mt idcdRRs t hat
defines the third plane 45C, 1s not substantially parallel to article

surface Z® togpwhicona 2hepRRr Datatg! P4 aadilacha26. R IDstag |20 i§ pleess! erartielgl e wi t h

article surface 28., That | 3D | a may. _he.oriented i ny
cont§ gar a1 Senmataf gl S e PR AR AN Re Sl fockd SRbe el 1
surface 2Rlpsltd proayct G€RBIpAd shdo@thas 2P dldheconfamyies,, subl aOérvedhmahtal oop
antenna 22 such that plane 45C is substantiall ﬁpperpendi cular to article

30sur f acedebBs hEraemer lyeranasonse brgidite AclrayotaeH ey 2hand Hp fpoprantedad r ange.

Oientin . 22 S i |.al al | el
Co arti o2 e aeeByREE: (e Eh bS5 ity | RyHE Tk L BB L1
because suddidanataiul (@t giassoor cdomsicnata tadlsle marage (cglf pepinside)n Taothce! e
surface 28 that constructively add to fjeld generated b D | oop ant enna
22. % oo75€1mb&51m@}t% t%%?tft%lrcléyezgnszoo%t% Vehsifcyt2 ﬁ%‘?%%ngwss&?ﬁ%@yof an
article. dhpdhapxagphe shown in FIG 2A article surface 28 is a planar
surface. In some instances, 5at-tide surface 28 is an electrically
conduct i @06/t dhap 26 sLeddvtas]ly satpladto 31 hadpetdnos 2Awizadipositaetde AR Alagd
i ncl udi ng, co r ~~al um num netic tals and nmetal _al |l oys ch.
Per mal | oy, , t 1 ical ly
SR PR Ehy B M o T orfiarBfon it o2 oo MEE o
conduct i Mfay R ddplcado aRteABY 20 € cabh@chedadd g, clthslali®uily 88y déindViadbr
adhesi ve (not shown). The adhesive may be fornmed of any suitable adhesive,

whi éh naycrefepedisl aod maydepatedded withiagdiIDdag 26 or moghtef@y Hsurbgreroounisk
exanpl e, ({egic{gggﬁlﬁnbodi ments, the adhesive nay be a pressure sensitive
adhesi ve or . ’In alternate enbodi nents, RFID tag 20 may be attached to
at-tide q00684d€ 2§ 26 tlay andidefirniVehroRADOF cifuitef foetors tthabREIDRRge200f
attachnment. FIGS. 9- 12 illustrate exanple nounting nenbers that my be
used for WiquedferiigierEndgihaalesigable yéorataspyineaHcinngpapcest pqa@ands1 51 0076]

I'n any C%&ive@?@rttl‘?egin?egrog?]tzforpl?ar@\%/&%cl}%%ntdcfo %c@\ﬁie%?orﬁfffofqﬁ&t‘?o@@z fych that 3D

| oop ant enna ectromagnetically i nteracts article surface 28. In
FI G2s 2A, iatecopatoctelgacadthdsiol €E1Gmal), oel tosedteacoaflicactesiBhfoagm@biptco arti cl e

surface 28. As a . result, when 3D |l oop aptenna 22 i nergi zed by an RF
signal , dPECEROAINSIR MHiEHERAtRN SHtagrqys -ﬁ@wﬁ&é@%@@m@ﬁ &nce the field

radi at ed pyoRGLEe M@ mandsTrdd@f S foRlpdding it ati6X Slob&idn bR LKA
memory as opposed to merely reading the information (read only). Integrated circuits
suitable for use in IC chip 26 of RFID tag 20 include those available from Texas
30 Instruments located in Dallas, Texas (i.e., the Gen 2 IC line of products), NXP
Semiconductors located in Eindhoven, Netherlands (i.e., the I-CODE line of products),

and ST Microelectronics located in Geneva, Switzerland, among others. Although RFID
16



203D | oop antenna 22 induces one or nore currents on article surface 28 on
which the REID tag is placed. For exanple, the current that flows through
conduct i WeOopoewiogTi444 may i nduce a current on article sBCTASR0028336The
current induced on article surface 28 is represented in FIG 2B by the
dashed arrows within article surface 28. [0077] The induced currents on
article surface 28 radiate an el ect romagneti c field. Unlike 25conventi onal

antenna dan?? guicaeribsdesineludng an 1hehiprRiberdtF IR ity wanbepscddn aiditer a
por tion qgﬁﬁrqﬁst@a{at%erpﬂ%lﬁp B.e:Fgr e;?a%ﬂlé)‘?&ggﬁgg%‘ﬁla Ind1gddf %&f&%é’gco%‘éﬁé‘ that
ce I Cle sur e por

the indu current’ on a ac es not cance ions of the
field radiatkd8ARY), 3Dotgaaje cmtievratizz RADridesifeatidd dadkbyt, ot hembsidatamd
current og at-tide surface 28 does not cancel the field radiated by 3D | oop
ant enna 29°BRkause the current loop that defines the third plane is not

30s UP.St ar[hb@d] ¥ tlpcaéﬁh{éﬁé sHoQt ilﬁ%‘lg.l Zgg,ejél,%folo TahicGh$28 WA RES 2 285t cbﬂdd(clﬁl% , in

sone instances the field radiate op antenna 22 may actually be
enhanced foytiad40) fidvedgla peptraateddthythathvebstadiatle dxcaedraghickngss af thedlrst sur f ace
28 due to the orientation of .3D.|oop.anfenna 2 For

20091 102 FPPEHCEI000) GI3EPIIBSTIRIOT] [ B SdUpTas B8 nayhagiamle o
ground pliapgrakdiah thrmrfﬁspmaﬂerm@ﬁes?a@tﬁeoﬂ? gmtee MR8p 2rtenS2 M1k ilRRides
described in nore detail with respect to F 2B, tﬂe current |oop forned

by 3D | odypscapncemmductveaedtian €chavingd lepgthgnd wodihvbatsubstandallpgxehsfliane a
vigual gl SN0aE LAl RRRLOX LR BL Sl MGG BGLHRY &1 7S 9 (3Bnl 0P
ant enna CHRAC TS, ?%éicg it Gde oof tﬁedfl efi% crésted y ANt 8RRE 52 i's
appr oxi nejlgleyd SBhaeis setshtantiQly Biralel 19 st ipQing 148 Ad evieici shedficaRmecaidl plage 3D
antenna geonetries well known in the art_may exhibit prohibitively imted

read rand®® alprehesdp salbsradiatly imthe atepleps. cRirst gordistivie portien 40 is gledricalye
| ectri ' ' j , t 22,
el ectrl C%Hgﬁgp E‘?I%fi?‘b& pé;l{gaﬁgégvétﬁ(}wﬁ&li hel 8 SHEIRGE géﬁlofﬂx §§ Bhd 20PTRIL enna

however, e ave an 1ncreas read range conpared to
10many otdoadu@ie podicdP46/12e dhand 46 artdlectscaliyaonpled td foemar dloscEXqay. iTment al

results denonstrating the read ranges, for | D tags.simlar tqQ RFID tag 20
ar e "pr o CRTE TR CoBICE Y § POrIE0T A 4 26tk gb ﬁgﬁlﬁ&ﬂ_ﬁ?& e RE Dand

hei ght  H&yh, 8f o1 3t ARRABE @R AL TR a d%‘é‘dlﬁﬁtsg&& fhatdhal 8ARFIdAE oof f €Ct Of
t he enhanced field created by 3D | oop antenna 22. In 150t her words, |ength
LANT, wi doop.ViaNFherantbodangig, cotihTtiaé patibnad(, dddi4, and 46 ofayRElmdead n&@e Thus,

a parti c;ﬂlar r range of 3D | oop antenna 22 may be optim zed at a
parti cul aF¥ge’ 8¥'Pt engt h LANE, width WA 1, and height HA 1. In sone

enbodi nmenyg7o|seitxam mcnmtlms{r@tey\@bwo&ﬁmglﬂamm@voeﬁlgraageaeﬂauyt desi gn
paranmeter, the length LANT nay be selected to be in a range of

appRoxi neeehygulridoeuarensiucihye poriensetleAdt 4, pad Apdelend avgetengular space that is
substantially filled by spacer material 24. Conductive portions 40 and 44 are substantially

parallel to each other and generally define sides of the substantially rectangular loop.
Conductive portions 40 and 44 have a length, which is measured along the x-axis
direction, and a width, which is measured in the y-axis direction. In the example

25 illustrated in FIG. 2A, conductive portion 44 and conductive portion 40 have the same
length and width. However, in other embodiments, conductive portion 40 may be longer
than conductive portion 44, conductive portion 44 may be longer than conductive portion
40, conductive portion 44 may be wider than conductive portion 40 or conductive portion
40 may be wider than conductive portion 44.

30 [0071] Conductive portions 42 and 46, which couple conductive portions 40 and 44,
define sides of the rectangular loop that are substantially perpendicular to conductive

portions 40 and 44, and thus planes 45A and 45B. Sides 42 and 46 are substantially
17



20hal f a wavel ength of the operating frequency of tag 20. Using 915 MHz as
an exanple, the length LANE nay be selected to be in a range of

appr oxi mewel2g090371ienches to approxi mately 6 i nches (appPoxiusat0elog3cit
centinmeters to approximately 15 centineters). The wi dth WANT may generally
be selected proportional to the Iength and/or with other guidelines in

m nd. Again, using 915 MHz as an exa width WANI may be sel ected in 25a

range of mpaélebs@i er@ﬁb ethgr enbeich hares lepgplwper@lév qeyad g the hslghh@fm%EID tag 20,

(appr oxi apR sonme
enbodi rrem Ileda gq%ézglglth ?81?‘{%%@3 ngglz\%&%%g{g?%%ig%‘ﬁ]a(ﬁhform 3D
| oop ant enevmmdalmgblsé ?cramsalhﬂeytldrﬁrlgabmb Ratbodintidnits Imelsn;@hf and widie o€onducti ve
portions. In the exanp il stra ed in FIG 2A caonductiyve portion 40 and
44 have £ONAHGIR PREPEP 4?611%5 1;%%%1% lprggy thahe tickica of tﬁa&‘épe%eant enna
30wi 4 \é‘c'%hﬂ-uctf:v% ggo(ﬁsthl cknesses of conductive portion 40 and 44, as well
as 42 and 46, may be 1n a range of approximately 0.00025 inches to

appr oxi ms{ﬂ&‘}’%] Altipdigh Idcdrce]bed @aqnpﬂmammlﬂﬁteytaﬁgﬂl@lﬁlomm@nﬂmﬁ)) laol antemrae

f bl 0.01 t el 0. 025
e 602 o DG S AR ity e s Ty 3P0 AR SRR A I GEon nand
factors, R} MFhRY of Ql@esh %Lﬁhﬁklf? § Bﬁfe@ént @ﬁg@ﬁ | Bbr e&%nfﬂles Q@Iﬁﬁl‘étl@@ﬁ&ﬁ@ﬁh

conducti ve portions 40 and 44. may be sel ected such that
RFD tag 20 adeéd mat ngbgtspbrdntislly malfailelatmony afgthen aarcpnducsive peiftigoe428nd o whi ch

tag ttac rotrudes significantly from
artl cI e S{?OIP noati)g Su%%l apggalfgqtﬂ(?%gﬁn%tﬁ?r%bg 2 may be vulnerable to
damage. Fﬂﬁﬂ’m]thgéM[es@BYtl@hﬁl@lﬂ@ﬁOBﬁh&?h@xﬁle\S&lﬂ,C}D fddptan@bnd 0D agRleIRalY does
not interfere S|gn|f|cantly wi th conponents that are in dose pI‘OXI mty to

RFTD t ag define agloapd logariyoush weichtelechl Fuq@ﬁﬁemwéovﬂy ﬂowﬁg@r@fac osed
m 11 et e e ent QR By b RAGRLRN T L Yighars R0, SPREHENAER L ", bt

ot her helmmnesracmstlbd)ugh cbadStive portionpd0 p42, Ag ahd equemcmmtgm@ahﬁr t han
915 MHz, the Ien and hei crease accordingly, and for
oper'at | ndiop r“éﬁﬁlé ‘P'i Tl%%%re%&@ ?xﬂ?ougm@yqd@ FETPOTBIA éﬂ&qwgﬁéﬁt

HAN * . mgy rdaGER@s $n I’iﬁ? ALY g%h){ a8 E@E&{dﬁctnbépo?ﬁ&%'@ be singdargt oqd that
t hese val ues are nerely exénplary and should not be taken as liniting the

scope of 1tltu$$raperdeﬁmrdtplarrwt§ﬂ momhlcmtlarwanwatylooﬁhcstlhaot s@lsttahmlg’rpamlleﬂs)
generally Sld ed Sir t t e n size as
Dosst bi e T eI Edas 4. nfiSobteuanodpit. A fitaMRe sty 56,

be constrsusitmlaqlgpaﬂ)\én&lcmrmﬂsﬁ@h& iﬂaﬁ&@ca&pﬂauaﬁ@hs@n 20100821 Spacer
material 24 ma formed of a solid material or a material consisting of

mas &0 par t[ﬂ@lﬂ]dﬂéhmaﬁéﬂe illggfiratedind16p a8 eRFHA tagra04p sorfipuiresbiugh ghat athgri vel y

l'i ght wei | e i r h ut not

1t ed dat e sy B AR AR aArar e s TR EpA RePra BB 8P a0l o B a 1 ow
| oss magnabitenttmll atadll] toRbHk:d 200 20tisa B0 alls thiPeaGRAStutrdat 186p Mat Oefides Spacer
material 24. That is, the center or _hole of the 3D | oop antenna 2522 nay be
filled withid alane ﬂﬁ@tl%%@’s@ﬂtl%l%léﬂf?@drﬁ&iaéﬂ? aiticle| syrfpeg 28. JEpweyer. the plapey act as
a spacer il asp d%éCﬁ%A bd BYenb 19 g 9&%&%%19%% I rﬁédey skdyanppgeous in
applications such as ae ospace an r transportatio app i¢éatrons
becasnise afurichtsloogthat defeley thd thht pleac glﬁC Ismnpafoednﬁailﬁpﬁrald:blm antiakesurface

articul ate nateri al : : . .
P a28 tow 181 the RSFID tag is attached, but still forms an angle with article surface 28. That

A

18, 3D loop antenna 22 may be oriented in any configuration such that plane 45C is not

substantially parallel to article surface 28. It may generally be desirable, however, to

orient 3D loop antenna 22 such that plane 45C is substantially perpendicular to article
30 surface 28 because this configuration may achieve the largest read range. Orienting 3D

loop antenna 22 such that plane 45C is substantially parallel to article surface 28 may not

18



[ 0083] The specific properties of 3D | oop antenna 22 depend on the desired
operating 30frequency of the RFID tag 20. Antenna 22 receives radio
frequencywWQORR)9/®eERQgY radi ated by an interrogator (e.g. pCcrasdew/o0is’of FI G
1). For exanple, the RE signal emtted by the interrogator nay be an ultra
hi gh frequency (UHF) RF signal, which typically refers to a WO

2009/ 102714PCT/ US2009/ 033671 frequenc in a range of about 300 negahertz
(MHz) t o bensissirable becgasresueh a capiiguratin) dpeREOGHEPYNALE CHITRRSS Botrticksswarceand
commands iy aah b AR (SHROAUTEN 103PalagR, 20t enna 22 coll ects RE
energy fromthe in or and per at Shvert he energy to power IC
chip 26, [MTthArplrctmuchSe I&may@@p@ﬂm@r diondmepldedraatfedt diantaltécl¢.ninethe ogat or .
Thus, 5the properties_or charact i i.e es n paraneters, of 3D

| oop ant SHABPEASNE P 16 @ Attt aseggés as@létwérﬁuf P shimg gnsfagces,

| ncog por affde sAREAK i Bespealyf il dlﬁer‘?a{ldﬁfchtag RERb QKR! GBRAR POwer
transfer, e | npedance 019 ["oop ant enna e conjugately matched to
the i npedaattcnalsfnch@lmgnq@p%alu@mﬁnahhgn,etls mated@and?aﬁb@l A©yshiupk ahave a | ow
resi stan a |large ne ative re ct ance. Thus hi eve conj te

ac chi g SBR0STRTGAHAT oo gy BR LRGNt g s aR et e B D

resi st anggy Q@ﬁla?rbe%ﬁh'@}ied% Qﬂfé%&%@ﬂa&@zé B;f Q@adﬁﬁﬁivta (Y& sh&REL aneadhEgvever

when 3D | oop antenna 22 is brought in close proximty, i.e.

el ect r onmegrebd Hrmohobaty s(ua;tablp atlegsast Wbith méyt depand e é@tpaﬁwlaryapplmdg@t ive
mat e |aI | i qui a D.,loop antenna 22 is
e a1 RIPAS TR ol i ilsm b e B s s et RlSD T oop
ant enna 2nsifive pibetive ot @pe. Ihetctiipedabatments IUFIDDAP 28BS tathddstochanged
when it is attached to a conductive surface, such as article surface 28.

100851 TH&tiElE seifce SR avigt 2 BoUNRMaRbertithy suitable mofeafrthchmsr, FGE % waN |
d h { t t

55t ot ho% e SR RERALhR Alnbls TRL Gl Lt IR @%@ﬁﬁfﬁﬁwﬂaﬁ?cﬁ”ﬁz‘

t he | ocatdcaerabin ndplanapsuafatenna 22 at 20which 1C chip 26 is coupled, my

| so_be adjusted to ch t he i nped f 3D | t 2 {0 bett

mat 0t hd OV RIdB 3Rt Gosr RTES i 8 Bag iens o P at e e PE G thal A Tedecipor nt

FANT i s npasyy ed eﬁ%{rms@&cag%ﬁeg%o%wgﬁ afffl X Bge 29, Imréf QAGQE&fhu@MVé he

vertical dashed line in , | ocation of 1C chip 26. In sone
enbodi mertdbgsivdumay bedmdltntattfohl\lﬁlﬂaaiytg@@ taditicht udfaseizh Ahatresult whdrp326 i s

directly ,connected.t.0 artlc rfac I n thi 26.is.directly
Compcet LS RTEE 1 byl By AR RESE At Lebr o VRS il S8R 2% 1 °F o
2A, 1 C chhp, SanQuhe bRl 1'ahﬂa’eé8ﬂy§@ﬁ1%ﬂn@§2 bei patiansd {Hecbﬂﬁ@ntcéicﬁédiﬁrcﬂ%hor si de
46. The |£§edance mat ching of 3D | oop antenna 22 to that of IC chi 26 may

be eef er ridylaop agtenna g indgeesgmedDmose putzgiteeinartiglz surface 28 on which the

tag is placed. For example, the current that flows through conductive portion 44 may

induce a current on article surface 28. The current induced on article surface 28 is
represented in FIG. 2B by the dashed arrows within article surface 28.
[0077] The induced currents on article surface 28 radiate an electromagnetic field. Unlike
25 conventional antenna configurations in which the induced current cancels at least a portion
of the antenna’s field, 3D loop antenna 22 is oriented such that the induced current on
article surface 28 does not cancel portions of the field radiated by 3D loop antenna 22.
More specifically, the induced current on article surface 28 does not cancel the field
radiated by 3D loop antenna 22 because the current loop that defines the third plane is not
30 substantially parallel to the plane of article surface 28. In fact, in some instances the field
radiated by 3D loop antenna 22 may actually be enhanced by the field generated by the

induced current in article surface 28 due to the orientation of 3D loop antenna 22. For
19



[0086] FIG 2B is a cross-sectional view of RFID tag 20 in conjunction with
article 30surface 28. Simlar reference nunbers reference simlar features.
As descriwedo@oras RF signal 18 excites a current throegh/UBMOEB7ANt eNnna
22, thus generating a current |oop through conductive portions 40, 42, 44
and 46. The current | oop through 3D | oop antenna WO

2009/ 102714PCT/ US2009/ 033671 22 is illustrated by the arrows. Article
surface Zsample adicleayriace oy apl aaiegroyndaplanccthet mijroraeleinEges 3D deapsonabl vy

| ar ge. i L FRg / e t atj:ve: i d op
anten naug“lil%glg%\ 5g‘egcs: &gg{% égi_e?cﬂi)?&; {gn @ﬁ% (ge}tdél\é‘t%rt? (t:egﬁ&rrtrltt)%gc} r2r|%t’ gﬂ(:e acglhglzﬁg 4 n that
due to atfetrmetEbysdiD flegpeanSinaDendrkatrichlly benduutiveesiifab©dP defsncapprigudl mat el y
twice as |arge as the 5physical area of 3D | ant enna . In particular,
the art i cPEnger AL ADBORHIAENANIREENS Hausd pEs 0bf Driped @H?I}I@ﬁ’fl Id8biswihFch can

enhance trﬁé‘%n‘?t‘gﬁé QDf the TRA QLdONby LAGSHE 23 18 4 %B?Jtel?’f&%ﬂsoc%. at least a

portion of th | oop antenna 1s defined by a poftion t he conducti ve
article 0078 c%s pavhslg ldesdnbe®RSDmic 24P arsl HY tatctiedgcomivirsesex@hiploavn is the

illustrated in further.detail. in FIGS. 3A and 3B. 0088], .FI BAis a
schenat | ErBrL gDt DEnREN T il FradTena s atikied QPR LURCHB: an R D tag
50 that iRakudRs sarfRl. MOSRIRHENARD indikcHliGurtd3 kD24 BI3Blodc! udes 3D
| oop antenna 52, a spacer material 54, 1C chip 26, and article surface 58.

| n gener anfenREL? ¢ yvosor, opehlaRERD fag 29 toihav¢ air ingepasaskreadraREe dmpaye@® in FI G
2. wever, t fi ation of RELD tag 50 .dif s fro hat..of RFID tag
20, TPnC Y Shansidlfer A b Bhieftfy ot kepndR eft il SEnchbR Tl B Gr Tl D0

FIG 3A dRemnhedtingtBPread ijlget &riR ADabgkisact®RATBL @§ akrégfeschitdtt@s in2D
strip 60 includes structures 51A and 51B on opposite ends of the 2D strip
60 t hat c%}ﬂ]e to article surface 58. In this manner, at-tide surface 58

forns at t ion qf: | oo . 5 | e,
structur gs?jAT %Ag‘%%‘%y 1%@%%%@%@%@22%&% géb'? gﬁg%%tlé@ae %%ﬁ]?%rgce 58,
i.e., el eetericdad inecransnthectect dfohaénhbinctel fsld E@eted §.3D loopantcher 22 Xianpl e,

structures 51A and 51B may be indirectly connected to articl rface 58,
e. g5 corfiReMEydy geng T wadih e 9 helekt Base g PREC Iﬁqt@g That

is, str U%rﬁﬁs,%rﬁ‘&ﬂaééﬁi ﬁﬁ%e ol f?&&g‘ Mtcnh @b AGly ‘t%r&pitiﬁ{iﬁ‘edséﬂ ra“p%ﬁﬁuﬁ@ in the
former exanple, e.g., via a conductive adhesive, "and contact surface 58

t hr ough ehegt ofdenginétire wadth PV ingaridrheighe Haatt Br soeeaempbaelimentg,. such by ough a
25gap |l ayer,. .The gap J.ayer may, for exanple, conpris non- conducti ve
adnesi ve AR whOE e YR aramgiaal Beinate B el el pedh b o MAYBC ang
article sérbrRag b8in SWBY8F apprékiR@tddy & rtePdf 4 Rasdlert PR dppRixiMhteBD | 00p
antenna 52 is fornmed by article surface 58 when RFID tag 50 is energi zed by

an RF si duiia wagslen he pperhiing frequeaey oicas 26.ubsiegtd 18 Aty asaustammle.ons
t hrough t

trip of ¢ [ ye. i g Ay of article
s0sur 1 acdhelAE T R b SREHEw FENTTH e Bbep ol BSHRT 5A 2D Siri p
60 may CaipproxsifattWe BERar(apoihasdly il REnterh&eisrtb approyintdelpll 8 dehtéméteisghi p 26.
However, in the interest of clarity, the two separate 2D strips may
The width W ant may generally be selécted proportional to the length and/or with other
guidelines in mind. Again, using 915 MHz as an example, width Want may be selected in
25 a range of approximately 0.25 inches to approximately 1.5 inches (approximately 6
millimeters to approximately 40 millimeters). In some embodiments, the length and width
of the conductive portions that form 3D loop antenna are substantially larger than a
thicknesses of the conductive portions. In the example illustrated in FIG. 2A, conductive
portion 40 and 44 have a length equal to antenna length Lant and a width equal to antenna
30 width Want. Example thicknesses of conductive portion 40 and 44, as well as 42 and 46,

may be in a range of approximately 0.00025 inches to approximately 0.04 inches

20



WO 2009/ 102714PCT/ US2009/ 033671 be collectively referred to as "2D strip
60" in this disclosure. In other enbodi nents, 2D strip of conductive

mat eri al WO 2n@y10eaApri se a singl e continuous piece of ceaaosSeew@3Iwat eri al .
FIG 3Aillustrates 2D strip 60 as defining three conductive portions 62,
64, and 66 and structures 51 A and 51B. In this disclosure, structures 5 1A
and 51 B may be 5referred to as "wings 51A and 5 IB" or "contact points."
Conduct i érpserimagiy 0996 ngn to dman)ged apercgyefetabbm approvmaiely 00 infdies Pacer

material 24 %%éasggh%g)\&%gel%E%zg%thng%%ﬁl?n of spacer material 24 exposed

to article sur i'S manner, conductive portions 62, 64, 66 and
article J0080deciglad HgfrioféDalosp amtenta Rt ddpsndsulpeh aminyehdtyrsf inkludthglilic spacer
materi al 24 an conducti.vg%p(ﬁrti ops 66 and 64 each define planes that are

. b
subst ant i'§§hy OpeapETARE 0 diepoad btysn eongusiticdiernstiiengidnélcsthtar ticl e
surface 3§y SRNRIRIRNHLIRAL REIREL R Bt Hol A6RuRM MM S TR ahile
po In s 64

f
curvilinear tion, I ch case conductive portio nd 66 nay not be
subst ant isatthge Petopendh RillArtag 20 tsheadwetli HERIEIND fagl20 psetrides sighBicamisy fiomvi ousl y

descri bed wi,th r.e c Fi acer terial, 24 e air..or olid
ol bt s it RaTRRBR RIS o0 apfiior ABESHY 24"l b St lE) Bwit cH8ieaf 0o )
First congduGthyealRPbd pittGueh tRP3DASEH AléMANa fods H&Sn@rf%&fwgﬂ?ﬁ@dﬂﬂgw dth

t hat substantially exceed a thickness of first conductive portion 60. First
conduct i weitpeempanenie@hdtiaesiniohosg preximity po BHED 5520 | As arexagpaarpright Hhust r at ed
in |1:(£ G 2rhaf‘ti)rSta allaenefa551'raéxlii Se1 i(}EOi Qlehx_% aﬁl aonle'atviy i~ inS%As and 51B of 3D

| oop ant enna’ 52 aréy” Nare 3 Ifﬂeﬁé't and Wi dt'RPCAET ' €eibst At Toal | y exceed a

t hi cknesgagfrovinfgsdy 5 5AnDNmbtB to%?@iirﬁa]t&y&ﬂdniﬂi{ﬁetbfsﬁ [tBhéuls 86 Qngertopd ane
55B that is substantially parallel to first plane 55A. More specifically,
second pltBHetsEBeRhtere pesidybst antially in the x-y plane. First conductive

portion " I: i Vi ) tive
orti on a8t RtbAgk s ERPLRSh Bt I MAZ g DR SRR ALY

t hr ough aomddetdaseag@ordingipsandZor peratagdrdbcadic lags-thard®l sMiHzate 1&&§th n a
current loop 57(Athat lies in a third plane 55C. As ilJustrated, third
25plane 9561 ia’ﬁ‘z R BE cranaupPishe F0ETBIA PRl ﬂwuslapdg%damm tF%ﬁ

paral I el thQcfyahRt aﬁlrﬁa%ly%%ngmy SRFMIPNARE tA2Bas lifhihY e SERRIrARNL S, the
third plane 55C may be Substantially perpendicular to first plane 55A and
second plmeentifBention it ey exgnplthesrabibdighen s ganeradly cabedereddésigble3dy art hi r d

pl ane 55 ies in the x-z plane, which, i erpendj cul ar. t.o 1t he x-y, pl ane.
B0 0093] Wi fie eRafpr pRics poveb FREPBEL ISR tndhs selosSienihBur eq
such t hatrpyineRg PhasedbO&borRtrhitel 8f SHf fiAaCKitaBle féM@e bppikhtiol.ane 55A and second
pl ane 55B are substantially parallel to article surface 58. In this manner,

cur Pent  |180%215Spacerimateril Rimesy hehiormedp e BETcgor a material consisting of
2009/ 102 7&3%'53%!?&118151%9601%41’[96%3 §171ijfable spacer materials 24 include relatively light weight,

electrically nonconductive materials, such as, but not limited to, polycarbonate. Another
suitable spacer material could be a low loss magnetic material. RFID tag 20 may also be
constructed without spacer material 24. That is, the center or hole of the 3D loop antenna
25 22 may be filled with air instead of a solid material. In this manner, air may act as a
spacer material 24. Air may be desirable and particularly advantageous in applications
such as acrospace and other transportation applications because of its relatively light
weight compared to solid or mass particulate materials.
[0083] The specific properties of 3D loop antenna 22 depend on the desired operating
30 frequency of the RFID tag 20. Antenna 22 receives radio frequency (RF) energy radiated
by an interrogator (e.g., reader 16 of FIG. 1). For example, the RF signal emitted by the

interrogator may be an ultra high frequency (UHF) RF signal, which typically refers to a
21



is substantially perpendicular to article surface 58. However, the
conductive portions may be oriented in other positions such that current

| oop 57A wefnmwew2a4t hird plane that is not substantial | yCparsaévmB3crp
article surface 58 to which the RFID tag is attached, but still forns an
angle with at-tide surface 58. That is, 3D loop antenna 52 may be oriented
in any 5configuration such that plane 55C i s not substantlalgg garallel to

articl e dtaduarey i8@.range of@pogfeldfmagdahene(MEs) toabpet 3 gigokayed(G his&dt 3D
| te
| o0P o0t SRR ARt ARt AREnARR 8 SHBRARTHL 8l L aRURABLCIbRLL 0

range. 10ﬁﬂﬂﬁa98csh@mmRFﬁn&gﬁmbﬁﬂmemﬁaﬁugﬁmumdp@e@k@Ma&ﬂnhﬁ&h@mkﬁggmh Lp,
and is substaq&i Ilﬁal. %rallg Lo article. s arfacg 58. .The conductlve
por t i ons ROWEE 1§ 6hiR 'wggc PIOVideidhe 1aspensg do beAgeeisd by S1c intgHgestpp Thus,
respecti vgl g og&%@QBpﬁalrfcg&sﬁeéj %Paés?%ﬂ’ﬁ*vfamgt%fs gf(m(l)cgy a@&n@@@rsﬁeﬁll%%e' y:

0.5 I nches I nc I'n the exanpl engths Lp2a and Lp2b are of
substantnammyﬁeqmmig@@ngﬂh&mchn1@mhamoemhbd|nents however, |engths Lp2a

and L21, §F¥ Qg di ff e ths nductiv ortlons 6 g arg

subst ant i [3P$4) P aﬁPF‘é PRGN X%E‘ﬁEPaﬁ V%Frl“é‘ﬂbf%ﬁlfelﬁ@uﬁ 1 %equal to
hei ght  HAW [oohRnRhh£D2 aﬁp%lcaﬁjﬂgaelyqﬁa@h%attb\ﬂ@e RYclhRRDf 6d cﬁfébd2656 may not be
substantially parallel to one another. Conductive portions 62, 64, and 66
and wi ngﬁ@@mllamsihmm& ahip$ bave aout lgsiVANE arml@slalrgedlegdlttmgeatquy axi s

di r%:tl 0 I nt Otcgle{fe gnb&) at ma{c?ﬂn h éloera tt he rna si %t copducti ve
portions 82? and %]é £457 ™M § dn dl%]fé yvarcge 8N BIA"and 51B
extend be:qundlea%@@fa@&e ﬂﬁiaﬁfqu@hl il dppositet Iagge p%Bldee adaofagcd. li@owevaX, when
direction, and directly or electromagnetically couple 2D strip 60 tO
article siiiogpantgna P isttHpughiielase Prakinygy . 5¢.ACISHEOBAgICHE COHACtInt act poi nt's

that_couhes 2R (iPal QL A LA ASI S8 cn WERAD Sl AR and articl e

surface are ronagne y coupled to eac wi ng 51A and
SI B Sermﬁ@eéﬁwebé3ﬁﬂd@)mﬁmﬂmﬁﬁnﬁﬁhﬂhapkambmga@a@M$OfpmwtﬂnmhﬁxOvh&r si de
being forned by the 25under ortions of arti surface 58.. Wngs 51A
and 818 rfﬁ%pes%wéﬁ%@apgﬁ@ﬂn% tmg icpla ahg ingredagss g%ﬁdﬁ%%ﬂ%ﬂ i circuit

or such tdat, édtwﬁ&rlfrﬁ a@taa{ea% a ICOREAAVE §yriddb] dagh 8L SRR urfS glescri bed above
W th respect to 3, conductive portions 62, 64 and 66 and/or wings 5 I A

and SIB [ﬂﬁ&S]HHweilmanmrmg)f\&iDﬂtohp amfeuind %gth&ngﬂlﬂbﬁﬁ] wikile Véinzeindtheighhgs 51A
and 51B, rly, t surface ar that contagts Oartlcle urface
55, oy Hiodelat P odbSELls B A truSiig L apuerh HcE S Bt RUIaE

Equat i onqclch@@% 2RI MR YeclBoiHEEL { RhiBli Stk A RtibR6n smeopﬁnwmﬁg& a‘ilA '51B
necessary to achieve a partlcular capaci tance val ue. The operating

f r eduencywinaly 1GehipRous counies, amy ambzedwsn@(dmghmwmsmgms%?@ IEQIQIatI on |
along W th g Xagf'oeb%tf)er dati]c% hIR ﬁ%ﬂﬁ St é”fx@ bRl EOEI@ChLRVI ng a
short CIFCUIP d T

Ion can e sol'v or a capacitancé’value C. The
cal cul at efdedpalnd eFAifpfs rhdasured pagiceAneenteab 4ef Hnnmgtmmpkbeeﬁt&puy thent o
Equation 2 wth the value for the dielectric constant and a distance, i.e.

di st ance Vs&isabdashethEnem KiGrgsans! thalasation of Ienehin g £ Hrwonggembodiments, the
feedpoint Fant may be adjusted such that IC chip 26 is directly connected to article

25 surface 28. In this case, IC 26 is directly connected to ground. If the feedpoint Fant was
adjusted in this way in FIG. 2A, IC chip 26 would be illustrated as being positioned on
side 42 or side 46. The impedance matching of 3D loop antenna 22 to that of IC chip 26
may be referred to as “tuning” of 3D loop antenna 22.
[0086] FIG. 2B is a cross-sectional view of RFID tag 20 in conjunction with article

30 surface 28. Similar reference numbers reference similar features. As described above, RF
signal 18 excites a current through 3D loop antenna 22, thus generating a current loop

through conductive portions 40, 42, 44 and 46. The current loop through 3D loop antenna
22



S5Equation 2 can then be solved for the area which can be used to design the
size of wings 51A and 51B. Using an operating frequency of 915, for

exanpl e, wocapaortiance of approximately 30 pico Farads @pFE)useeoomsseel may be
desirable to approximate a short circuit. 10Equation 1 (Z = 1,5wC) Z | coC
Equation 2 (CcaA/D)C = In the equations above, Z is a reactance, co is a
frequency in radians per second, Cis a capacitance, Ais an area of a
capaci t i 2@ ipillusgaterby shepargpvey. avdis!chwrinee?? wap ael asiagowdalens IBadicE i s a

dielectri r sin a
manner sirar b ety AR, OHERRRE RERERF ik ITLE SR tndRELFOBY

el ectri c looy dreainac@2ndah b @rcsiked. fUshvistht tereomgbl ﬁ&iélpmpaxam mmﬂla‘ﬁaue ®. g. 2D
strip 60 an ortion of article surface 58 hetween wi ngs 51A and 51B.

However ‘fleé jreddetdic 4 o the Qirenhioar swnpEexigately 1§ufe #varesrsthie 3D 1 oop
antepna, A GULIReM of 3 1069%%91@@2 aft a%&lérutrhE%ﬁﬁléﬁnfa%QQS XA Hlafec @ELT Cl €

surface 58 aga| n may act as a ground 20pl ahe that mrrors or Inmages the
current ianc2d tbe¢ cmrpetﬁmopAshmh tdn dzlélant@sth@ pherdll radiatmne detail with respect to

FIG 3B" urrent Ioo tive to artjc surface 58 r lts in a

i rror e 00FH dHenERhesorRy ehBussdertin bt 38 185 s Tadpedivdng 55 % n
thi's way,podidil SRe @dsﬁd%ewe éﬁd@@ﬁff@ée% WRich thd RFIWR&g aPRTONEITBEIRS Yxdnvfji6e the
si ze of § D | oop antenna 52. In other words, the magnitude of the resulting

field is ibHbswatsédn ﬁltﬂthelf'@ﬁayﬂ inntdSadArrgdtdie r ead range 250f 3D | oop ant enna
52. ,10097 ar | ength LANI.

coi a0 eq BTG 3B PEiboGHI R RSNy NTiarPingh Sl porB RN o
conducti \Mlmlag lso rmsat @?ch(dep 33D Bép an@enHL. AT PSR BIDAgFd ibdidds3pr, and
Lp2b) may be selected to tune 3D | oop antenna 52. Spacer material 54 in

RFI D t ag 18eP #i§N19e> 2 AaPasarimatesiakish de chippdte pndiprtiole Sﬂéfé‘%ﬁ ?%rlnmn@ab&@a 20.

Addi ti on c range
but o 3668 26358 B S beBY R R G 18, SCRoRtEer I AR cca
HAN] of tdfR FRDI thY S@@M frérﬂmthatloef Rd&Bang Dedini p’artﬁcmrletrhtﬁe 2@&5&1&15 bf dedtaivally] 0098]
RFI D t ag 50 may be at g}ég‘ﬁf{glde surfac 58 in manner Sij gi%Lar to
RFI P t ag cogdu ﬁtmﬁt‘*s“a cs §%‘Wa§§05113§?‘ ¥§{ﬂué‘ SBHFST MRiPElagfhesi ve,
tape, or jhaam, zﬁ%@@o nﬁhﬁeg deRgche! 91AQ§dBH§‘%ﬁ oeﬁésaﬂe%ﬁd%ftﬁ@hﬁ s@96B0 in

order to secure it to surface 58. In some enbodi nents, the adhesive may
appl i ed tthatspaglerto amickrsugfacG AR . amdhisinmgacs dnicanairfagB58 fcrrmstahélastelrmmmment s,
however , ”}'S) @dhem ve ﬁy be applied to spacer material 54 only. As

previ ous|df 08P ARERN2 Yhe adhesi ve may be conductive thereby providing a

direct el [6089]|Iﬁ%|ne@ 6! dRBtub&t 392 dZBSInkY Be 8PcaARdoahddi& 8 a8titlé ace S8.
The adhesive may al so be non- 10conductive thereby creating a capacitive

coup? i ng ek lgoeb@ﬁricglhﬁgormdeém yréirle sytfadeatie [B@nothet exapmmls, wehsturcy
ount | ng %rsA%f mY B?fnd”r%&ﬁ‘ n%%‘éte&TFaﬂﬁclg%M Pc% %gg &%%‘ £ P tag 50
. AN ex%m € no er d

to surface I'S escrl
surface 58 via electromagnetic couphng That is, structures 51A and 5 lB may “directly”

contact article surface 58 in the former example, ¢.g., via a conductive adhesive, and
contact surface 58 through electromagnetic coupling in the latter example, e.g., through a
25 gap layer. The gap layer may, for example, comprise a non-conductive adhesive that
forms an electrical “gap” between structures 51A, 51B and article surface 58. However, in
both cases, at least a portion of 3D loop antenna 52 is formed by article surface 58 when
RFID tag 50 is energized by an RF signal. More specifically, electrical current
continuously flows through the 2D strip of conductive material 60 and a portion of article
30 surface 58 to form a closed circuit.
[0090] As shown in FIG. 3A, 2D strip 60 may comprise two separate 2D strips electrically

coupled to IC chip 26. However, in the interest of clarity, the two separate 2D strips may
23



100991 RFID tags in accordance with the disclosure may al so be useful for
applications in which there is a desire to increase the read range and
limted swaceowrn2ii ch to apply the 15 RFID tag on thePamritsetoe/o3¥segar dl ess
of whether the article is conductive or nonconductive. For many
applications, it is desirable to shorten the |l ength and reduce the w dth of
RFID tag 20 in order to accommpdate a certain sized article or to otherw se

linmt thecxobesitvebrrefartcdde as AP ptape0arie hivdindovmse byotherrmipdiragnts, ABever
nmodi fyin [ FIDtag
for UHF gsrgpé] ?%%n?ﬁﬁ?egﬂﬁgﬁlé ? ir%? %ﬁﬁéﬁ%&a gls gﬂé a?roélgﬁ P&%EP 1%% fggﬁ(#ﬁgqgency The
det uni ng modtedal. REGD A ﬁl@sﬁraessﬂb\smﬁ 60 &l (@ﬁmn@AhreéBon(ﬁAthapmﬁBs 6AD4dasicussed
bel ow wi t reference t 5A, 5B, 6A, 6B, 7A, _and 7B,

exper i merfOAndSEYEEcS ARt B Te it ﬁﬁfwr?a%@ctfaesééﬁeéilﬁe%ae by

adj Ust | ngefdieq heRIROHRL s FANY s Y G 58%&%@&@&%&@%@%@ an IC
chip and a center 34 t he antenna I's typical the center of the
RFI D tag)66adrc)pgsmdned>¢e Milrsardhn@snaicclrmétahdri@ \Qlﬁierﬂea\hegrgterbotrbnmmetlcRFdi[) tag)

Therefore, 3D | ntenna d .and/ or t hi nner.
g R S R R g BT R T Y
10 feet (GapB6 axd ARtR! Vrfdcd B &tk .a slwceatﬁhmgmenhmy finedpP e iNerdial 24! GS.

7A and 7B illustrate the perfornance of an RFID tag with various

f eedpoi ntand cm@d@@]ve pnrtlgorré6 elmfb%l pavbricEine plan@Rth® aragubstentibley sérpendlicular

appr, oxi er _wavelengt h of .the operating
FFodfency® S d RridiPaitls PRGSor SRRl 18 o EL ST il RETD g

nmay have s@rﬂa@enm fhagql4a hndluQieQi’ cureisificdriparionp pr Wichies R dpndudtive \pbttioﬁs 64
nalntalnlng a good read range, even when attached to a conductive surface.

27 \\D 2009/ Glzaz’mb@fnswemﬂmB%?&dlf@&r@]thq:mre amiciessusfag 5 sAsect i onal
vi ew of @E%ﬁ n\%sydésgrlkéh &Rﬂlréégg&'t 191(‘#“ égga%éllﬂlgde 1%f$%f§%5r§or Latid ar

ref erenc erence ur es des ed above,
conductiuﬁdpﬁntnmnsmﬁaudﬁ&;bﬁﬁuﬁﬁﬁnmﬂmdqmﬂyan$oamhrcIe surface 58 forma

closed I o RE signal .18 excites urrent thr h conducti v ortions 62,
64, 156, l@ﬁ?%éﬁ@%%ﬁ“%@f%@ﬁ@%iﬁ%ﬂwn togp e inas & isnefandayd R’/ﬂ fct as a

ground pl sﬁﬂeaﬁtrau@re&bé‘ehea tﬁfékﬁé&g %f ﬁi?st béncfu%éw&( 6b aFF&-coblildige BRI doheory
a representative el ectrical nodel | oop antenna 22 can be created.

Using t hehee Inee first q:@lne rﬁﬁdelln thet exeamldléusifﬁeﬂ:d ItaneIG YdesttmparerI5Aclies is tthef xacge 58,

the area cur lLogp LS .appr oxi tw C | a

bhystcar i Gnes ! g S PLARASD A iAo s otiao S PR Bebirt ace 58
can_enhanggBsthdtful re@@eeqfa thRRRn&GY OF Yittg slsqmr\@thWﬁg@smeﬂ@@mmletms@d&aal |
radi ation. [0102] FIGS. 4A, 4B, 5A, 5B, 6A, 6B, 7A, and 7B are graphs

demdhst r atlineg Bhibat s seltstantialy mrélldfto SirstREND 56 Ag Merespewfierdivcsscand planhe
mventt o e Rh DB AR 180 PRl P RuafAoF RoMeARES, BrEReR, e £ oa!

(resistance react nce) ant énna ance (as

seen by tdaaplle@)to az&lga sﬂrexrmilsoﬁ Voi ccﬁﬂdeqmemmmoﬂrve@ endpEetdpeadldy, FIGS. 4A-
157B paraneterize the length, width, heig and feedpoint of the | oop

ant enna dPOYHRIREEERI IS FXCEIHG PHiS0E %&@ﬁ@tC@W%PPﬁwnﬂé%’r%P%6%ﬁl®Fl D tag
exhi bi ti 'hgtsé}e%%dcre%% palancs 19 é!‘r%‘ﬂlapﬁés il gﬁﬁ&gragé‘ 581 &ﬁ*m%ﬁd Hﬁaﬂa form
W dt n el g

factor). déscri bed above, e | engt oop
ant efna qﬂmmdﬁﬂpmnﬂﬁdy&mumnemﬁom@ﬁb%hvempmtmﬂmmanﬂbmmhdﬁﬂngﬁnmpﬁneﬁiﬂe

1inee SIAANG SISk L1y Neve L engt o an, gL Lhl can b° pdgheg o,
ver e gengfcdi@icular to first plane 55A and second plane 55B. In the example embodiment
illustrated in FIG. 3A, third plane 55C lies in the x-z plane, which is perpendicular to the
x-y plane.
30 [0093] In the example illustrated in FIG. 3, RFID tag 50 is configured such that when
placed on article surface 58, the first plane 55A and second plane 55B are substantially

parallel to article surface 58. In this manner, current loop 57A that defines third plane 55C
24



usi ng conputer nodeling with CST M crowave Studi o software, available from
Conmputer Sinulation Technology of Wellesley Hills, Massachusetts. [0103] In
parti cul awQ 2p09B027AA i | | ustrates exanpl e resi stance curvesTB2009/023%71 and 74A
for an RFID tag with a |l ength LANE of about 50 mm about 75 mm and about
100 mm 25respectively. Curves 70B, 72B, and 74B in FIG 4B arc reactance
curv-cs for the RFID tag with a | ength LANT equal to about 50 nm about 75
nm and absibstangellypsrpensigdatt geticle surface A .sHewargsl Ge comBIcRiy poitigns way be

t dt i4G ' ' i f. f
ne 2 A FIENGR, PR G LD TR e ©
and f ecdpabstintlafiNlparadleCtoheticle sufirt @Btto fvdichethe RFEM tagess lattadhleEHut 481 forehs304B.

Specifically, width WANT s out 12,5 nm height HANT is about 5 mm and
f eedpoi ntenERgle With agigigrsu a?ﬁﬁaé?iﬁ@t 15, g hdoprranigiiy ﬁ2§n%>f'\g%9ré@t% /% he center

34 of thedR906h s g&%%n%%%&%@ﬁﬁguygﬁg%g C@a@l%ﬂ-toaa@ﬁﬁg Qébkace HRE ICMAY €S

t
shown in FIGS. 4A and 4B suggest t e shifts higher in frequency
as t he RMeDemalybe deshblet boneeler,[t0 0041t FP) ©8p abknantl SBhah® plarei€ is

denonstrat | exanpl e resj stance and r t ance curv t hat paraneterize the
o n b S S R f SRt e G e AP RS HE e By PEETRE 5o nd
80B, 82A tAnthr@4Bica8fhe84B, and 86A and 86B are resistance and reactance

curves, respectively, for an RFID tag with a width WANT equal to about 12.5
mm  about[00%# vy shaboun F3G. B\ reenduntie abdion BhagmlenptieLemdtihsubsmntiallyhei ght
HA| and_f oi nt, FAl e -ahout . 100 . 5 and 0 re Lvely.
T ¢ neelBLRSBhs RN S 2 havinge BRiomy L PP uelela SRR M i

of the Rﬁb@thﬁgpziﬁﬁirlﬁ%%sp&diﬂfe?l aRegthd Ok,, 8nd LLQ, Ak, fohexanggenance. The
changi ng sl ope can be hel pful for matching the inpedance_of the 3D | oop
ant enna ta@PEImEelnd-Sieshenppd § sbadm e axamples lengths d53. ard By 260fand 6B are

graphs d i | q..rasi : d cur v, th

par ot er DRt o e A i PR B e A G ey e

i nvent i ondiff@envesgtB) ACanihc8@Bporfdns GhechdBire aulthtD4iAllyaparalBe Bo asch otlesi St ance
and reactance curves, 15 respectjve]y, for an RFI .ag with a height HANT
cqual t o HBJAYS 3 5 BETHLY £qph(O hiaheiout 188 emg%%g@flﬁsv@rwctwe resul t
of the coupilRleamdeliRg 1%?%@@uﬁs‘fﬁnﬁh@pat}?ﬁblﬁaglﬁ%%&h'&g@%&ﬁ%&tﬂ@&mgﬁﬁﬁeas' ng

c
the tag thickness shifts the resonance of the D tag higher in frequency.
[0106] FI62S64,7%AdH0cind BriagseS Igy aphsl Bleavensifoet ivndtheX anpheasnessli adorgrtbe yand

react ance 20curyes fhat hanarelerl e Lhe feednel o FANE 06, AN RELR,L a0 Tn

62, 64, and 66, or wings 51A and 51B may vary. Wings 51A and 51B extend beyond

20 spacer material 24 on either side along the x-axis direction, and directly or
electromagnetically couple 2D strip 60 to article surface 58. In this manner, wings 5S1A
and 51B act as contact points that couple 2D strip 60 to article surface 58. When 2D strip
60 and article surface 58 are electromagnetically coupled to each other, each wing 51A and
51B serves as one side of a parallel plate capacitor with the other side being formed by the

25 underlying portions of article surface 58. Wings 51A and 51B may be sized such that the
capacitor approximates a short circuit or such that it forms another impedance tuning
element. As described above with respect to FIG. 3, conductive portions 62, 64 and 66
and/or wings 51A and 51B may have varying widths and lengths.
[0095] The size of wings 51A and 51B, and particularly, the surface area that contacts

30 article surface 58, may be selected based on the desired capacitance value. For example,

Equations 1 and 2 below may be used to calculate the size of wings 51A, 51B necessary to

achieve a particular capacitance value. The operating frequency may be input into
25



invention. In FIG 7A, curves 100A, 102A, 104A, 106A, and 108A arc

resi stance curves for an RF1D tag with a feedpoint FANT equal to about 5
mm aboutw@200mo2about 25 nm about 35 mm and about 45PemEUS2@983sTi vel y.
In FIG 7B, curves 100B, 102B, 104B, 106B, and 108B are reactance curves
for an RFID tag with a feedpoint FANE equal to about 25 5 nm about 15 mm

about 25 mm about 35 mm and about 45 mm respectively. The | ength LANT,
wi dt h WANFuatien 1 akangheithHaxafue for theeinprdmcs that apsiliciggdonsghieymag shopt 5 mm

and about . cti I gest
that i ncrcérgg%q{‘ﬁ%%ﬁ eéeah\ég%lyn © %&%ﬂd 9%?9? %33%%\@%\7% 12118 %déﬁlweecésﬁgga@%n\gﬁ*ﬁégt

r esonancehetapabieanet valut @ocannhdén egupmayto Bifad0 2 wiksthpreve durshy ddestic bed,
it may be desi ragle.i n some applications to d.ecre? e the | ength LANT and
hei ght HAQDFaRfang 3 dFHIISCt iy diSHINGF Qefiver OReRiohingtal @ 0art AeRsviace .

relagi ve!y%taﬂeﬁh o e b SoREd Al thEAES wieY AAF bk iuﬁ'écft%@ieﬁgﬁ‘% siiébﬁxﬁﬁ%?
appl i catiohs, the space WO 2009/102714PCT/US2009/ 033671 for attaching an
REI D t ag Stelyandle’ 1[B. ni/tieglan bioanetitey freqesnshaiii 5i for Bk @8ple dAepBcitamac oBA- 6B,

d i he | h . i gh f. hi f h
ocoran etpiarer R gt EAET PRI Be ey R fonie DR e e B A, e e

graphs i nifleS. 7A, 7B suggest, adjusting the feedpoint FAN-T can decrease
the resonance to a | ower frequency. 5Consequently, adverse effects from
shortening and/or thinning an RFID tag may be mitigated by adjusting the
fecdpoi nt FAXT. [0108] FIG 8 is a schematic di agram of testing system 110
forigesting a read range of RidtdohagqzHPjoCnzgeneral, testing environnent
110 includes reader 114, which is nounted on ajeacket hei ght H above
ground 116, RFID tag 112, test surface 118, and support 120. 10The
experinments discussed bel ow, E@ﬁgﬁorg@n@;g)\/g)@rmi_ 5 ancchoi c chanber. To
prevent el ectromagnetic interference, the interibbr of the chanber was

shi el ded with copper .sheefing. On top.of .the copper. sheeting,, hl.ue
absorpti dA t%%%@gg%wogj% #Séld_e%%?n&agﬁ&ﬁ FrgGEn g BB GERY BoFSP eIt 15
el ectr On%ﬁ%iﬂaﬁcér',] af ik%hfe@?? a‘é’h%é&itfbetﬂkﬁe T APEStanfBR@REcnlchpadiBee phRced at

one end of the chanber and RFID tag 112 was placed at the other end of the
15chanberand Ehea dicdtctniceonbianifergapeader 114 and RFID tag 112 was

appr, oxi feet. 91_ Different RFID t.ags sed.in, the

bt o Pl G EllimH? G Soonst R oot PR SRS Y’ TapiiEy e
resul ts QhetddiRdPF AR §EhAAE@HAC Blirréh @ohtet@hily %%,thf%%\ BD\gdWTantéiiaght
HANT, and fecdpoint FANT of an RFID tag conprising a 3D | oop ant enna shown

in the graphs.eP siEs) anha gertiop®f agickhpirace we bptvwices pargs 11d #4dpd B nent 1,
five 20 4l I p t.ags.. i .S, case
was constlgéj\&%vgg%\% ﬁl;éigg%%g?lge\l%lrﬁg%e?? %t %’%E?ggr)hltg Ié Ogﬂ]gtg%ol‘ogﬁﬁﬁ%ﬁ?%g C%gjel tn FI G
2. Exper iigauscmbriies sur€eod8c Feteusiplg adtigasirfaul58ngginenafact hea golfd t ags
from Experinment 1. Experinment 5 was .conducted usi ng two RFID tags with a
conf} gur dsha o5y O iagey the cugenan PR seinep0. 3as wilhbedessriped inpaore detail
experi ment: t [ ek g e and
an about I R L B e Sy P L Bl L AR ® 20
for att achimgt dohendisgthedicestliangl Ui dop ahBBina PRe Iisthlis way 3DCoohapeused was

a Phillips | SO 180Q0-6B packaged conponent.. 1 Testing,system 110 was
used to tszsqpeFaé?oaSrlgﬁﬁvélé ABprOT ?f?li’é‘gﬁﬂ %éoﬁﬁjﬁﬁ@fqe\l}ga g%s%‘ﬁ Clsur f ace
138 and a,4a0eROAUShitNe of BRl QDS E18GEincRaSC BIcr B iRQPRBI WBPead$8EhcAS @
30conducting surface. \Wen testing RFID tag 112 on”a conductive tes

sur Pace, dBDDoppgnien®a ¥as attached to testing surface 138 using Doubl e

Stick Sc 0[‘)&&7 ] A%a-{&%epa%\{cadla{rqgﬁg%l LLI\?TTWidth Want, and Han may be selected to tune 3D

loop antenna 52. In addition, the length and width of conductive portions 62 (Lp,), 64, and
66 and wings 51A and 51B (Lp,, and Lpyp) may be selected to tune 3D loop antenna 52.
Spacer material 54 in RFID tag 50 may be the same as spacer material 24 used for RFID

30 tag 20. Additionally, feedpoint Fant may be adjusted to achieve the same read range but
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WO 2009/ 102714PCT/ US2009/ 033671 3M I nnovative Properties Conpany of St.
Paul, M nnesota. To test the performance of RFID chip 112 on a
nonconducwoweosuwefiace, RFID chip 112 was tested on a foacTase@9/ 08361
properties of which are not significantly different than free space. Thus,
the foam core approximates free space. 5101111 To determ ne the read range
of RFID tag 112, the power |evel of reader 114 was set to a particul ar

val ue andvift ¢ &syatdelgngth Liane pedternthickpess Hagw ofi Hici REIDagE $92 Thisds aescriberyiar

r eadabl e. Al r, the power | evel of reader 114 was set to 31 dBm
with a ch#@“R%%%“%%%gned to be I dB. Therefore, the resulting output power
of reader[0098]RFID 39 5d By bE uetaclomlvte niodnsurfaoet &t £ maah@dimidmes RFIDAB; t o t he

t heoreticgl expected range in feet is 10provided. i n equations 3 and 4
bel ow. ar%%eiﬁ@ sy an aghegiye spehhfte PReatyee JOBpItXg 3ESHEO1RRS:i0 &Pa-didy Beange =

ST t. 5~ 110adHekh ol %%?39 SEREID Ragl 90 % @Y to SRSt PR Bicd 58 AfjoRtdm ned

whet her reader 114 was e to read tag 112 at read range distances D in
order t o dndhediménts,dhaathicsmenagadplicingepaics el Bt ot witgs Sparand SuBadn RFI D

1 112. d 14 i ded i | i icia,.t i ndi t th EID t
133 e i Sa iR Rer S e Mt Pl anir e Rt Qo TS Pl gy, R © 89
20Exper | aBfiodsly AGLAR i ERBGUL FRbe bonddifve ARELY BRARIAL aldinker dicifian ent

RFID tags, i.e., RFIDtag A, REIDtag B, RFID tag ' tag D, and RFID
tag E wascodeectionibperden 2Estip B endiesiclyrredaendh eliraadbhsive moy else bempadance of

the silicon,l C chip when .placed on a net.al ,surface. Ta a C re
oo ? e ly® et S0 g AoERe Ay AodlBlift b EWEER S0 sl AT AR SBE" g
25E wer e $esilgnediveiyh hdunti fha@bés orfvilierhastheaiit{encnt rﬂaafbé e9&k ditaedpoi nt's

FANE and decreased lengths LAN, as conpared to tag A. .The results of
Exper i nerftFIP tag 80 srfageddi Anrapmelemeusiting membegy igilarenaqddiston-nm) Tag on

6" x8" mat[ﬁh9ﬁ'f€1£l% t-ggagin’\ﬁg&d&&ce%th the disclosure may also be useful for applications in

which there is a desire to increase the read range and limited space in which to apply the

15 RFID tag on the article, regardless of whether the article is conductive or nonconductive.
For many applications, it is desirable to shorten the length and reduce the width of RFID
tag 20 in order to accommodate a certain sized article or to otherwise limit the amount of
article surface area consumed by a RFID tag. However, modifying the dimensions of a
RFID tag in this manner may detune RFID tag for UHF applications by shifting the

20 resonance to a higher frequency. The detuning of an RFID tag is shown in FIGS. 4A, 4B,
5A, and 5B. As discussed below with reference to FIGS. 4A, 4B, 5A, 5B, 6A, 6B, 7A,
and 7B, experimental results indicated that RFID tags 14 may be retuned by adjusting the
feedpoint Fant, which is measured between the center of an IC chip and a center 34 of the
antenna (which is typically the center of the RFID tag) along the x-axis direction (along

25 the length of the RFID tag). Therefore, 3D loop antenna may be shortened and/or made
thinner while maintaining a relatively long read range, e.g., greater than approximately 10
feet (approximately 3 meters), by adjusting the feedpoint Fant. FIGS. 7A and 7B illustrate
the performance of an RFID tag with various feedpoints.
[0100] In some embodiments, an RFID tag may be sized approximately equal to or less

30 than a quarter wavelength of the operating frequency. Using an operating frequency of
915 MHz as an example, RFID tags may have a length equal to or less than approximately

1 cm while maintaining a good read range, even when attached to a conductive surface.
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Z on netal (ohns) Read range D on netal dB(ft.) - [m WO
2009/ 102714PCT/ US2009/ 033671 A 100 0 27+ 422 7 (11.2) - [3.4] B 100 15
205+) 527 WO((2809%102714[ 1. 7] C 100 23 250-j 460 No read (<5) PCT[US2005}033671
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[0101] FIG. 3B is a cross-sectional view of RFID tag 50 in conjunction with article
surface 58. Similar reference numbers reference similar features. As described above,
conductive portions 62, 64, 66 and conductive article surface 58 form a closed loop. RF
signal 18 excites a current through conductive portions 62, 64, 66, represented by the solid
arrows. Article surface 58 may act as a ground plane if article surface 58 is reasonably
large. Using image theory a representative electrical model of 3D loop antenna 22 can be
created. Using the electrical model, it can be seen that due to article surface 58, the area of
the current loop is approximately twice as large as the physical area of 3D loop antenna
22. In particular, the article surface 58 can enhance the area of the current loop which can
enhance the overall radiation.

[0102] FIGS. 4A, 4B, 5A, 5B, 6A, 6B, 7A, and 7B are graphs demonstrating the tunable
nature of an RFID tag in accordance with the invention, e.g., RFID tag 20 or RFID tag 50.
These graphs present the real (resistance) and imaginary (reactance) parts of the antenna
impedance (as seen by the IC) as a function of frequency. More specifically, FIGS. 4A-
7B parameterize the length, width, height, and feedpoint of the loop antenna of the RFID
tag, and provide parameters for designing an RFID tag exhibiting a desired balance
between performance and size (i.c., the form factor). As described above, the length,
width and height of the loop antenna may comprise various conductive portions (including
conductive wings 51A and 51B) that have lengths and widths that can be adjusted to tune
the loop antenna of the RFID tag. The graphs shown in FIGS. 4A-7B were generated
using computer modeling with CST Microwave Studio software, available from Computer
Simulation Technology of Wellesley Hills, Massachusetts.

[0103] In particular, FIG. 4A illustrates example resistance curves 70A, 72A, and 74A for
an RFID tag with a length Lant of about 50 mm, about 75 mm, and about 100 mm,
respectively. Curves 70B, 72B, and 74B in FIG. 4B are reactance curves for the RFID tag
with a length Lant equal to about 50 mm, about 75 mm, and about 100 mm, respectively.
In this example, the RFID tag may be tuned to a particular impedance and designed to
operate with a frequency of 915MHz by varying Lant. Other parameters, e.g., width
Wanr, height Hanr, and feedpoint Fanr, are held constant for each curve in FIGS. 4A and
4B. Specifically, width Wanr is about 12.5 mm, height Hanr is about 5 mm, and
feedpoint Fanr is about 0 mm (i.e., the IC chip is aligned with the center 34 of the 3D loop
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87.5 13 27+ 324 12 (20) - [6.1] E 75 15 224224 6 (10) - [3] Table 1
[0114] As shown in Table 1, the read range for tag A was about 11.2 ft. The
read rangwof2009/10294B was observed to be about 5.6 ft. amdTiuseomw®asb7r ange
for tag C was observed to be 5 |less than about 5 feet. The read ranges of
tags B and C were expected to be small because, as di scussed above,

adj usting the feedpoint FANT & unes the tag by |owering the resonance of

the tag. afenashthesurves sbewpiilPSE 4haand B Higertt dept Fespaaricg shijts highgein ead

ranges, i Q,.f nd 10 ft. (3 neters), respectively. This
result isfraute?l baﬁttfé Bgﬁ? éagtqgéﬁ{r%é?%ased f eedpoi nt FAN] and decreased | ength

LAN] of t[0e04]ad6S. bA ahdSB, art heyphedehmoangtn®éxangde fesistandOivd wectbiet of tag B
even though the | ength of tag. E’?i S abgut 15 rrm.shortgr. Thl@ adjusting the
f eedpoi ntCUFRSThal RarametgizR oAt Wash 05 amBE TP &g ippeepriance adihdhe MVEREOR uni ng
and fead ¢a0ae08l 408N hd §2B, RIAISABOLARHEA bR BOB SrelRGLtah @0 has a
slightly snmaller 1 npedance value than tag A but the read range exhibited
by tag D resctaubstiams,iradpeytivgtys doem RREdhtag vathr ewdith 3hge eqhialttagbout 125

Experi nent 2 51 In iment ;2. t te f eri n wer e
A Pent e s e 2 i, opteh £5 g g Gbatt Dramon s e Dot P ey ot
Sioni 11 cagid it PE@RbodiNAD iheentRAGE 0 il RShedilan. amus (ORGVE! bt

surface. Table 2 indicates that the inpedance of REID tag A 20changed
subst ant ilaFIGS oA eid SBoaggesoihet desregeing dreedidttoof the REGA daginicieeses dhe derre.

di ngly, d f d . ' ' I
hodh t natH Ot BiERspey o @ Qe PEETOSR,r DR BT IEIARRAR0: 5 2°

met al pl ajfehe ancﬂodéaf@ténmi@@daﬂﬂfeeen@icmig impbdenEX pelotdrent 2 are approxi mately
the sane. The read range of tags D and E_.in each of  the ex(Peritrrents is also
reactance

simlar. @Y FIGS. ﬁﬁwngé%ﬁg{a@a,%@emw}ﬁra@pg epnple resistance an.

curves that parameterize the height Hant of an RFID tag in accordance with the invention.
Curves 90A and 90B, 92A and 92B, and 94A and 94B are resistance and reactance curves,

15 respectively, for an RFID tag with a height Hant equal to about 2 mm, about 4 mm, and
about 6 mm, respectively. The result of the computer modeling shown in FIGS. 6A and
6B suggests that decreasing the tag thickness shifts the resonance of the RFID tag higher
in frequency.
[0106] FIGS. 7A and 7B are graphs demonstrating example resistance and reactance

20 curves that parameterize the feedpoint Fant of an RFID tag in accordance with the
invention. In FIG. 7A, curves 100A, 102A, 104A, 106A, and 108A are resistance curves
for an RFID tag with a feedpoint Fant equal to about 5 mm, about 15 mm, about 25 mm,
about 35 mm, and about 45 mm, respectively. In FIG. 7B, curves 100B, 102B, 104B,
106B, and 108B are reactance curves for an RFID tag with a feedpoint Fanr equal to about

25 5 mm, about 15 mm, about 25 mm, about 35 mm, and about 45 mm, respectively. The
length Lant, width Wanr, and height Hant of the RFID are about 100 mm, about 12.5
mm, and about 5 mm, respectively. The graphs shown in FIGS. 7A and 7B suggest that
increasing the feedpoint Fant of the RFID tag decreases the first resonance of the RFID
tag in frequency.

30 [0107] As previously described, it may be desirable in some applications to decrease the
length Lant and height Hant of an RFID tag in order to accommodate attachment to

relatively small articles or articles having limited space. In these applications, the space
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25t ag can be designed to have nom nally equal performance on a netal
surface and in free space. WO 2009/ 102714PCT/ US2009/ 033671 Tag di nensi ons
(mm) Tagswornods@aeiidaor e Tag Nane LANT FANT Z in free spaeeT(ushom)p3igend r ange
in free space dB(ft.) - [m A 100 0 1170-j521 4 (8) - [2.4] B 100 15

536-j 661

for attaching an RFID tag may be limited. However, as shown in FIGS. 4A-4B, and 6A-
6B, decreasing the length Lant and height Hant of the RFID tag shifts the resonance
higher in frequency, which may detune the RFID. However, as the graphs in FIGS. 7A,
7B suggest, adjusting the feedpoint Fant can decrease the resonance to a lower frequency.
5 Consequently, adverse effects from shortening and/or thinning an RFID tag may be

mitigated by adjusting the feedpoint Faxr.
[0108] FIG. 8 is a schematic diagram of testing system 110 for testing a read range of
RFID tag 112. In general, testing environment 110 includes reader 114, which is mounted
on a bracket height H above ground 116, RFID tag 112, test surface 118, and support 120.

10 The experiments discussed below, were done in a small anechoic chamber. To prevent
electromagnetic interference, the interior of the chamber was shielded with copper
sheeting. On top of the copper sheeting, blue absorption cones were secured throughout
the chamber to prevent electromagnetic reflections within the chamber. Reader 114 was
placed at one end of the chamber and RFID tag 112 was placed at the other end of the

15 chamber. The distance between reader 114 and RFID tag 112 was approximately 5 feet.
[0109] Different RFID tags were used in the experiments discussed below. The RFID
tags were designed to verify the results of the parameterization of the length Lant, width
Wanr, height Hanr, and feedpoint Fant of an RFID tag comprising a 3D loop antenna
shown in the graphs of FIGS. 5A-8B. For example, with respect to Experiment 1, five

20 different RFID tags were used. Each of the RFID tags in this case was constructed with a
configuration similar to that of RFID tag 20 in FIG. 2. Experiments 2-4 were conducted
using a particular one of the RFID tags from Experiment 1. Experiment 5 was conducted
using two RFID tags with a configuration similar to RFID tag 50 in FIG. 3A. In each of
the experiments, all of the tags were created using a 5 mm thick foam core and an about

25 12.5 mm wide copper tape with a conductive adhesive on the back for attaching the tag to
testing surface 138. The silicon IC chip used was a Phillips ISO 18000-6B packaged
component.
[0110] Testing system 110 was used to test read ranges of RFID tag 112 on a conductive
testing surface 138 and a nonconductive testing surface. A sheet of copper was used as a

30 conducting surface. When testing RFID tag 112 on a conductive test surface, RFID tag

112 was attached to testing surface 138 using Double Stick Scotch™ Tape available from
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2(6.3) - [1.9] C 100 23 51.6-j377 No read (<5) - [<1.5] D 87.5 13 131+ 621
3(7) - [2.1] E 75 15 25.7+ 305 10 (15.8) - [4.8] Table 2 Experinent 3

5[ 0116] IwoBxperweT®nt 3, tag D, which exhibited the bestCparst@wmsisce i n
Experiment 1, was replicated and the steps of Experinment | were repeated
for the original tag D and the two replicated tags, i.e., tag DI and tag
D3. In this case, tag D was secured to a 6" x 8" netal plate with double
stick tapeMampvplivcR@psrtics Comppaaeledt. Rau, Minngsotai §atesytheperfoqpgnce of

RFID chip 112 on a nonconductive surface, RFID chip 112 was tested on a foam core, the
properties of which are not significantly different than free space. Thus, the foam core
approximates free space.

5 [0111] To determine the read range of RFID tag 112, the power level of reader 114 was
set to a particular value and attenuated in increments of 1 dB until tag 112 was no longer
readable. In particular, the power level of reader 114 was set to 31 dBm with a cable loss
assumed to be 1dB. Therefore, the resulting output power of reader 114 is 30 dBm. The
conversion from attenuated power in dB to the theoretical expected range in feet is

10 provided in equations 3 and 4 below.

% read range = 10" %100 (3)

theoretical read range = 5ft.*y/10™ "% (4)

15 [0112] In this way, Experiments 1-5 determined whether reader 114 was able to read tag
112 at read range distances D in order to identify a maximum read range distance D for the
particular RFID tag 112. Reader 114 provided a visual indicia to indicate whether RFID

tag 112 was successfully energized and responsive to a read command.

20 Experiment 1
[0113] In Experiment 1, the read range of five different RFID tags, i.e., RFID tag A, RFID

tag B, RFID tag C, RFID tag D, and RFID tag E was determined. Tag A was designed to
be matched to the impedance of the silicon IC chip when placed on a metal surface. Tags
B and C were designed similar to tag A except had different feedpoints Fanr. Tags D and
25 E were designed similar to tag A, but had different increased feedpoints Fant and
decreased lengths Lant as compared to tag A. The results of Experiment 1 are provided in

Table 1 below.

Tag dimensions (mm) Tag on 6”’x8” metal plate

Tag Name LNt Fant Z on metal (ohms) Read range D on metal

dB(ft.) - [m]
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center of the read antenna was al so position at a height 2 from ground
118. The 1Oreplicated performance of tag Dis shown in Table 3 below Tag

| npedancewQchomsip2Read Range (ft.) - [n] D (original) 27PC32%204[08363] D1
(replicate) 23+)298 15[4.6] D3 (replicate) 36+ 350 17[5.2] Table 3 [0117]
The results given in Table 3 suggest that the inpedance and the read ranges
of the 15 replicated tags were substantially simlar to those of the

original| thg. In [ot0er wor|/@s, the rledUtit32 obt ai ned 7o Fudther testing of

repli cat edags T EHxperiment—3—confj resutts © ment———W)
2009/ 1027 E1pCT/ US2909/ 033673 Exper i |néW s 10118] T g s sbss e

robust nesg of tag [0 t he rlegad rangs 950_3413@ D was rw%@@ga [ifsfer ent

si zes of Lnmetal pl ates. Ths pl ate silzes were FF\(‘TF—H‘IHIHQF and square an

ranged i n i ze frlof-about |18 i nched 271824 nches t ¢ 1834adx— .1lnch x 4 irlches
(about 4 X mto 15 22+j224 6 (10) — [3]

Table 1

[0114] As shown in Table 1, the read range for tag A was about 11.2 ft. The read range
for tag B was observed to be about 5.6 ft. and the read range for tag C was observed to be
5 less than about 5 feet. The read ranges of tags B and C were expected to be small because,

as discussed above, adjusting the feedpoint Fant detunes the tag by lowering the resonance
of the tag. In contrast, tags D and E have exhibited relatively large read ranges, i.e., 20 ft.
(6.1 meters) and 10 ft. (3 meters), respectively. This result is attributable to the increased
feedpoint Fant and decreased length Lant of the tags. In fact, the read range of tag E is

10 twice that of tag B even though the length of tag E is about 15 mm shorter. Thus,
adjusting the feedpoint Fant and length Lant in this way resulted in restored tag tuning
and read range. Additionally, it is important to note that tag D has a slightly smaller
impedance value than tag A, but the read range exhibited by tag D is substantially greater
than the read range of tag A.

15
Experiment 2
[0115] In Experiment 2, the steps of Experiment 1 were repeated using tags A-E on a
foam core, the properties of which are not significantly different than free space, rather
than on a conductive surface. Table 2 indicates that the impedance of RFID tag A

20 changed substantially on the foam core as compared to the conductive surface.
Accordingly, the read range of tag A decreased. The experimentation also shows that
impedance of tag D in Experiment 1, i.c., tag D attached to a metal plate, and the
impedance of tag E in Experiment 2 are approximately the same. The read range of tags D
and E in each of the experiments is also similar. Thus, it may be concluded that an RFID

25 tag can be designed to have nominally equal performance on a metal surface and in free

space.
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5about 2.5 cmx 10 cm. As shown in Table 4, the |argest read range was
about 35 ft. and the snmaller read range achieved was 17 ft (about 5.2
neters). WO 20@noba4observed from Tabl e 4 that the | argePCrTamdomwasiyes wer e
generally achieved with tag D attached to the larger netal plates and the
smal l er read ranges were generally achieved wwth tag D attached to the
relatively snmaller netal plates. 10 Plate Size (inch.) - [cm Atten dB(ft.)
- [mM 4x4 [10x10] 12(20) - [6.1] 8x8 [20x20] 16(31.5) - [9.6] 12x12 [30x30]
1541 16 = =

N o SRR G 5 1107
Tag Name Lant Fant Z in free space Read range in free
(ohms) space dB(ft.) — [m]
A 100 0 1170-5521 4 (8)—[2.4]
B 100 15 536-j661 2(6.3)-[1.9]
C 100 23 51.6-j377 No read (<5) - [<1.5]
D 87.5 13 131+621 3(7)—-[2.1]
E 75 15 25.7+5305 10 (15.8) — [4.8]
Table 2
Experiment 3
5 [0116] In Experiment 3, tag D, which exhibited the best performance in Experiment 1,

was replicated and the steps of Experiment 1 were repeated for the original tag D and the
two replicated tags, i.c., tag D1 and tag D3. In this case, tag D was secured to a 6” x 8”
metal plate with double stick tape and placed 5° from reader 114 at a height of 2°. The

center of the read antenna was also position at a height 2’ from ground 118. The

10 replicated performance of tag D is shown in Table 3 below.
Tag Impedance (ohms) |Read Range (ft.) —[m]
D (original) 27+j324 14 [4.3]
D1 (replicate) 234298 15 [4.6]
D3 (replicate) 36+j350 17 [5.2]
Table 3

[0117] The results given in Table 3 suggest that the impedance and the read ranges of the
15 replicated tags were substantially similar to those of the original tag. In other words, the
results obtained from further testing of replicate tags in Experiment 3 confirm the results

of Experiment 1.
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4x8 [10x20] 17(35) -[10.7] 8x4 [20x10] 16(31.5) - [9.6] 2x4 [5x 10] 15(28)
- [8.5] 2x8 [5x20] 17(35) -[10.7] Ix4 [2.5x10] 12(20) - [6.1] 1x8 [2.5x20]
12(20) - W6.2009/xm2 [ 13x30] 15(28) - [8.5] 12x5 [ 30x13] PCT/US2009/033671

Experiment 4

[0118] In order to assess the robustness of tag D, the read range of tag D was measured on
different sizes of metal plates. The plate sizes were rectangular and square and ranged in
size from about 16 inches x 16 inches to about 1 inch x 4 inches (about 41 cm x 41 cm to

5 about 2.5 cm x 10 cm). As shown in Table 4, the largest read range was about 35 ft. and
the smaller read range achieved was 17 ft (about 5.2 meters). It can be observed from
Table 4 that the larger read ranges were generally achieved with tag D attached to the
larger metal plates and the smaller read ranges were generally achieved with tag D
attached to the relatively smaller metal plates.

10

Plate Size (inch.) — [cm] Atten dB(ft.) — [m]
4x4 [10x10] 12(20) —[6.1]
8x8 [20x20] 16(31.5) - [9.6]

12x12 [30x30] 11(17.7) - [5.4]
16x16 [41x41] 15(28) - [8.5]
4x6 [10x15] 17(35) - [10.7]
6x4 [15x10] 11(17) - [5.2]
4x8 [10x20] 17(35) - [10.7]
8x4 [20x10] 16(31.5) - [9.6]
2x4 [5x10] 15(28) —[8.5]
2x8 [5x20] 17(35) - [10.7]
1x4 [2.5x10] 12(20) - [6.1]
1x8 [2.5x20] 12(20) —[6.1]
5x12 [13x30] 15(28) - [8.5]
12x5 [30x13] 17(35) - [10.7]
Table 4

Experiment 5
15 [0119] The RFID tag used in this experiment was designed using a configuration similar

to RFID tag 50 in FIG. 3A. That is, the RFID tag (labeled D2 in Table 5) includes
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17(35) -[10.7] Table 4 Experinent 5 1510119] The RF1D tag used in this
experinent was designed using a configuration simlar to RFID tag 50 in

FI G 3A wbavoww7ithe RFID tag (labeled D2 in Tabl e 5) iPaTIusd@s/0%¥671

2009/ 102714PCT/ US2009/ 033671 "wi ngs" to nake electrical contact with the
nmetal plate beneath the tag. In this design, the wings can directly contact
the nmetal plate or contact the Pl ate through capacitive coupling. In Table

5, the RFMINgAdo Wakn clgetigal qonsact withdleq motabplatedrencath ghotag.aln thisgiesignsthe abel ed
n D2 H A n h . I H i o I . t h
e LB % Bl Rl A B e Ml S AL

same type a W pective
vari at i ofniTabRey, tlor RBIML g lvathwemgs Dt dire@lylcoarndt b2 nedwlplate iveybddel ‘@Pl ai ned

due to inpedance variations between the |C chips. 101201 Table 5 al so
i ncl udes (M ¢ sTHHRERA %\ﬁ@tﬁﬁ%@wﬁ t@@@lfgﬂﬁe@tﬁ%wwjféh%ﬁaaeém #d §pacer
for §apa%l%]élé/aewﬁ9 uplih 19 aﬁ\@scﬂ?ﬁ’lé*’,trél\%{égtgve%‘?t WS hriall6n rﬂﬁéﬁ'{‘for&%ﬁéeeoe@@&nt he

w ngs of the REID 10tag. Post-It aval | able f 3M I nnovati ve
Propert i d32-Coippaamg [93-cl8p.2 iRaubg edlainebdicaowapedansedarasionhbetdicel thetl€i ¢
spacers. The read range for the RFID tag including wings separated fromthe
metal pl &®%as substantially shorter than the read range for the RFID tags

that direqgi2¢] THM fekEhARRs FRUR fphRkRperfiRMeM 88t-ug fn WisiclPgWicgadt pasdr t he
performance of the RFID tag including w ngs separated fromthe netal plate

wi th 15 dpetapecitive ceyping vaspasitipecd bapw ¢ metad itgandigc wegsREIE REW f or
capacitive coupling. MNor. ci fical l .thﬁoer.fo mance e i nproved by
2 21 1 nge nE P LR IR RS R Dbt e e PR R Y P ™ rpedance
of the amvigmbgotd Wet8ell apedaidectol spdoers! Che dad rad@got tReadaDage Readifange dB
(ft.) - [n] D2 (wings) - chip 1 30+ 320 14425 - [7.6]n

wings separated from the metal plate was substantially shorter than the read range for the

RFID tags that directly contacted the metal plate. However, it is believed that the

performance of the RFID tag including wings separated from the metal plate with

15 dielectric spacers can be improved by designing the RFID tag for capacitive coupling.

More specifically, the performance may be improved by adjusting the length Lant and

feedpoint Fanr to better match the impedance of the antenna to the impedance of the IC

chip.
Tag Impedance |Read Range dB (ft.) — [m]
D2 (wings) — chip 1 30+320 14 (25)—-[7.6]
D2 (wings) — chip 2 30+j320 16 (31.5)—[9.6]
D2 (wings) w/Post-It Notes™ 234180 509)-12.7]
20 Table 5

[0121] FIG. 9 is a perspective view of an exemplary mounting member 200 for attaching
an RFID tag 210 to a substantially non-planar surface. In general, mounting member 200
is attached to a lower portion of RFID tag 210 and is flexible. The flexibility of mounting
25 member 200 may enable mounting member 200 to conform to a substantially non-planar
surface, such as a curved or irregularly shaped surface and support RFID tag 210 in the

substantially non-planar form.
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D2 (wings) - chip 2 30+ 320 16 (31.5) -[9.61 D2 (wi ngs) w Post-It NotesTm
23+)180 5 (9) - [2.7] 20Table 5 101211 FIG 9 is a perspective view of an
exenpl ar ywoooewioayy4menber 200 for attaching an RFI D t agPRTAISL@9a33671
substantially non-planar surface. In general, nounting nenber 200 is
attached to a | ower portion of RFID tag 210 and is flexible. The

flexibili tY of nmounting 25nenber 200 nmay enabl e nmounting nmenber 200 to

conf or m t[81221dn9sdsher the RYTIA dae Pl0tadpnadionmaeies copguefivesuraeqs theedrugture

non- pl ana PSR a S B G et B ol by SRR, 2
RFD tag uffato(ok inraidcost anexdoctidcatlp mdbainduetivundtads betwrenshia tagtand eneshoul d be
designed so that the RF1ID tag is a sufficient djstance féomthe icagg uctive

: :
surface (YFafS: Ha %Passnth_QWm%a}qﬂg}ﬂeﬁme%ﬁd& REED frglaomahe BelegeRh t he
tag and thgsmll age di?ﬂaﬂceerhggyhgé re@RE! tolal tad TRIIH: P ehi IRERSSE RepBlALgS the

RFID tag fromthe surface b a distance. This distance may be refen-ed to
as t he henghberand nhiydicnesaerghart dpproooatang mmenber and nmay be greater than

appr oxi mnm .[0123] Conventi onal , nountin nbers_are desjgned to
aFEach arD RS orgh sl TRy R DERp Rl SRS bRl b RPIEE He LR REvi ng a
strip-1i kutQirfRean mbk&ihaaberaviig aSitip-BRE 8r b@im-Aké AL AthyaR sWrddktag to
a flat surface. However, this mounting nenber nmay not be 10Suitable for

at t achi ndonaitaRFnD andif [Ddag tcuflytedrises. f dewcverghisanamphneg membey imag ngt be
conyenti onal unt. nme may, cause Jd ntern forces within the structure
Chat® ar f Qo B e g B e B g e B Ry SRl Ve Bar ool a1y

Wi t hi n nehtémignaERbeItBgtniahbdl ave usibhatorats Wihie kinestictufOthapifdkdiem i s
further exag%er ated in structures that have an external shell/outer
st r uct ur hetegrin gedshage ehths meyeting awmbenmartiqularkyeviship swgnfipg eMerie

bendi g TRASIETL Ay RLIE YR SR/ HSL A FRUSRS e o1 do

have an external shell/outer structure or flanges. Such structures transfer the stress from

15 the bending movement into the side walls of the structure. This causes the side walls to
wrinkle and flanges to buckle and bend.
[0124] A secondary problem is that thick structures have increased mass. This may be of
particular importance in transportation systems because the added mass from the mounting
member may result in reduced efficiency of the vehicle to which the RFID tag and

20 structure are attached. The mass of the mounting member may be reduced by including
foam or bubble filling the spacer materials of the mounting member, but at the same time
may increase stress during bending. This stress concentration may cause cracking and
failure of the mounting member and/or RFID tag.
[0125] Flexible mounting structure 200 in FIG. 9, however, may be useful for attaching

25 RFID tag 210 to a non-planar surface. As shown in FIG. 9, mounting member 200 is
attached to RFID tag 210 which includes an antenna 212 and an IC chip 214. In general,
RFID tag 210 may be any type of RFID tag. As an example, antenna 212 may be a 3D
loop antenna as described in this disclosure. In another example, antenna 212 may be a
2D or 3D antenna well known in the RFID arts. An adhesive, such as a pressure sensitive

30 adhesive or a curable resin, may be used to secure RFID tag 210 to surface 202 of

mounting member 200.
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[0124] A secondary problemis that thick structures have increased nass.
This nmay be of particular inportance in transportation systens because the
added maswof2oevmoetie nmounti ng nmenber nmay result in reducedTafStéovioasscy of the
vehicle to which the RFID tag and 20structure are attached. The mass of the
nount i ng nenber may be reduced by including foam or bubble filling the
spacer materials of the nounting nenber, but at the sanme tine may increase

stress dUPiy Ibdiei hgnouming nagmlaes 200 gisdusies purface ROFhYhich ey absodesiiefrgrednd
failure IhoRE F nting
St ruct ur 20 3b8 BaiHEb G TEREC ACHA0FRR A sirfite b Tt I | 0
210 to a 206rs pdparaasd it £ ploalitydst @btmrs 204 (F¢. ﬁnoﬁmmgmmtum@) renbersh2fd i s
att ached to RF1D t ag 2%{.0 whi ch i ncl udes afgq%enna 2 agd an I C ch% 214.
In gener ANY/OREPgSe a@arﬁ OMRRgh BECLIPTERRES yOVhikgpisonsduging wsight @

antepnna 214 /iRY% lh&nidr 36H) HPtlﬂe ff‘l’l’ﬁs%ﬂ%ﬁ ei‘émDﬂ@séiﬁfa@@QOi Phal BES d@f ir@ﬁt%értér“r‘al I'n
anot her exanpl antenna 212 may be a D ant enna wel nown 1 n

RF1D art shatmpaadheaﬁmd 208 uththascaae, puesst(R manbe md@oﬁoﬂcthblsmweermi thzat

bl b t RE 0t 202 f
ounti ng G TR SR RS B e OB G538 SRR & o
nount i ng sﬁgﬁb@[y #ROhddelsuee& F2! fIRG/eR Bdant iy, @ﬁhceiamaahﬁpzd@qn%;ef&ﬁlrm to as

a base nenber) "and spacer material 203 attached to surface 2 Spacer
mat eri al szcl&mﬁ%apéma@@ 202|t dhat iplspresk majerpl 2@,?emwbn§hmdt<( flefene 2 npunt i ng

strycture a It. fro ronot e
i edfor 1 e e P o PR Ao SRRFEY <20 1 B80St
i |1 ustr at®€inekByHeaxpsded isageces 62 sdtBipnHBOLthai ftfach ﬁﬂﬂhe laatoedr suilfac& han spacer

material 203. In this case, surface 202 may be nmade of a flexible material
t hat doesC%@quepﬂﬁse@tF@Sfmémwheufpgmffﬁirwpéréaﬂmer@éé@} Bribiszgse. 880 Wach of

sections p Iy | es,
spacer miratr At A 0QeRE0s Shab b ARERoOmILEERR it bR G DEAHATP
spacer netodri al 203 may be shaped to define a 10substantially flat top
surface 2 0 ich RFID t 210 is attached and bott om surface defi ned
by fhe eﬂﬁié’}édwem tngaaempgr ﬁﬁaw?ger@ﬁaﬁa? REEd 1 RTQ¥ etsbgf‘ltcﬁé‘t SHPPEITR sur f ace.
case, o g O e SR AR RPN 203
into a fmaﬁbhavmpg:t@ﬁpmlt’mmdzmémoﬁﬁi[ngJ:IHl]lbeWBO@mt Imglermmﬂmmm@ﬁﬂrnmgmgener ally
AR e e L s S R D el
conpl et el oAz tnhNRY 200 sHBHN G, TBIRRFIY &m 1Ay N8 sEsR@dbiBnhkenn@UNt i Ng
menber Zoleﬂlggy ext end beyt?lnd thg@gg\ut er bpeiéorret;g of tag 210. Il-lowegerd t he
deskyn ofli gtuiwg/wmb%@ o 010y micrbpy 200 may Bavieeng ishansyeadpizarapd an

shoul d no%lcl & %}ﬁa ?Oéflfrgttu gnat I‘%Ip eﬁ%%lb%lﬁagttﬂcﬁ&re c‘éﬂ%‘ve?%t”?u@?% 200
may have any e an i Ze and’ e vari e atures”t hat

pr onot e friwedl@trhdtunes andtaend adug:sﬂacsﬁ@ssng tage o, &&hﬁhriﬂbﬁtktﬁlbfw@faudes t hat
extend al ong or across RF1D tag 210, a _channeled structure, and ot her

f eat ur es Q&lfleriﬁé}mréﬁ QF HEIcfusaY thgfrlaﬁﬁlpae flgxdiyi fior ptjachpe REIDARA2AY tRFNDIt ag 210

to a nonﬁéﬁp% £aurface. 25[0128] FIGS. 10A and 10B illustrate an exenplary
configurdation for a nounting nenber 220. In particular, FIG 10A
i1 astrat/@$28 RIGS. p0annd il @B ilbistraumt dxagpheyrbarfig22iohdor atmbactvigige@aberRFI D

tag, suc s RFIDta 0, to, a substant.i al] on-pl anar surf The
i||gustra[58§ &% aﬁﬁ%la? rﬁé HA ﬂbs&trb%w%@aava&% PP ARG 2RS Eur f ace of
mount i ng BAMRE a@ﬁ@ll@tﬂégt s@t ARED 280 86 ittty haeplanNs Bl TRg may be

secured to t he sid
illustrated exarnple in FIG. 10A provides a detailed view of the surface of mounting
member 220 that attaches to an article surface. An RFID tag may be secured to the side of
30 mounting member 220 that is opposite the surface shown in FIG. 10A. That is, the view

shown in FIG. 10A may be a bottom surface of mounting member 220 for attaching to an

article surface and an RFID tag may be attached to the top surface mounting member 220.
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30 nounting nenber 220 that is opposite the surface shown in FIG 10A That
is, the view shown in FIG 10A nmay be a bottom surface of nounting nenber
220 for awoaetwrgrito an at-tide surface and an RFI D t agPoaush@omsicached t o
the top surface nounting nmenber 220. WD 2009/ 102714PCT/ US2009/ 033671 101291
As shown in FIG 10A, nounting nenber 220 includes a surface 224 and a
plurality of structures 226 that protrude substantially perpendicular from

surface 2912913\ sheriiria F1G2H) drraeuntine naamber A0 ingludgs a seifaed2f asfisur f ace
224, i.e. . i r i ,~nand are
spaced agéﬁ%&%f*%ﬂﬁg@t@%?ﬁﬁdf ﬁ*dﬁ%ggrg?@gﬁﬁggyb%? éﬁ%@%ﬂ%@ﬁgg gc‘réazfahave a
hei ght t ISatucdeéd 2B¥sprotiredd substkmesls cufwimd drdn Bg-fave 204ri.c2 30otrddessubsughullyof
structures 226 nmpy be ubzzfntially | arger than the thickness of surface
224, @né}egrqngl,aq@afq% Co2¥h Y A PALRISAPH oM P3PPI} PEHENS t r uct ur es
226 whi | QuBRLR I [RivE a%@@{hat B4R ithickn s Pfﬁf&hht‘?ngrﬁkﬁb I %9 The
sufficient strength to preve surtface 224 fromfailing.” I'n this way,
surface 2Rightio€struvaired 226 may besibisexiiblly jatger dfahchatackingssstfsuidtagrdd. 226.

10101301 shown i.n 10A, each. of structures 226 ypay ,be tapered

bot ween ¢ eRSe e 2o mepgs e el i T SRS EE S50 ray
be gr eat efrydiurdl ey Nte. WosilEretdtaNg alffideht §t&n§ﬂhrtf) PeS cRZArfabamaene t hey
attach to an article. Because of t%le shape and spaci nq(lJ of structures 226,

mount i ng frdimgeln thowaa putfecordidi dogs notdimit thesfigyahi hiytaftordsd tanyrugfurescdZ6on t o

f d | | ar| h d f . I [
Tomibor BLIAS BRI KiG A et o BHRRTE B A e v Bo R st 1 0°

m nor axitsp. That@s, tieduras Brea bhbtsudi@ss P20 @bl 68 ghtcBUIAE ipBEt MBEREhe220 causes
t he space between structures 220 to decrease. Accordingly, the degree to

whi ch mowieshty syeipe?2othan sharegbehetch fagn péickse fBogaescisy thebarhdiie  of

t t . ' : |
s the snasarept Fhstie R, oA EREmPERE B MRRR LGS Sy D s
at t ached,disbton © doafaonsiadered oriecgudesi dapapssfaceicAsae ceRbple, ddditihgFl G

structure 226 in greater detail.

10B is a per ive view.illustratin
Str it ur %@gﬁéb rrﬂaad%eég@ﬁpl}latﬁa 19 BSsABOB TS MEIOR FYig AF 3hqub S BRnQTAH- dF
Struct ur €5tn228,sOfth MM RIS unA RO nefiter 23Pused Re BRfck betWedp. FI G 108

|
illustrates structure 226 detached fFom nounti ngsenserrte)er 220. Structure 226
def i nes simcwirge to decrgas2 Abcord g, tiRAREree2 wibici2ha@nbganemB2 7220 c8r de 227A

is normally attache o Surface 224 of noupt | mepber 220, but is exposed
R i S N e el I S e A S T
to side 2Rffecantuterdessanaselt £ B SRHh of theati @t kgl 1 WhidGBuc®rd220 i @ an
adhesi ve. The di stance between sides 227A and 227B defines a height H,

whi éh mayto dekitprhicd boulditslonasidered whowdesigningretssurc 280. because, as di scussed
above, SUp§ 8182 f0hs, RaRLAL el il SRl LsbLEARRST e AR REGY Sl

descri be nesstof" mount i'ng ne ma S C coupl e

t he RFI D 2agndy @pickir, ot ecdnipleal donfigondue bf yhfkfrageret 026\6F mounting
2009/ 102714PCT/ US2009/ 033671 which 1t is attached via mounti ng nenmber 220.

In one erfBdBbeeRP (Fieilgny- 11 parfienlat E1G, & Blustraigmstasproz herteqhpd sromm
{han t he ra8"h G 200 S BUAM e R §ecE BoE PR 2 ane
227B5 ar e 228laad 20@F aBide@27 A is normally attached to surface 224 of mounting member 220,

but is exposed in FIG. 10B for illustrative purposes. Side 227B is substantially parallel to

side 227A and is designed to attach to an article surface, ¢.g., via an adhesive. The

distance between sides 227A and 227B defines a height H;, which may define the

thickness of mounting member 200 because, as discussed above, surface 224 has a

30 relatively small thickness. As previously described the thickness of mounting member

220 may be selected to decouple the RFID tag from the electrically conductive surface to
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5each other so that structure 226 tapers fromside 227A to 227B. Because
each of structures 226 shares this shape, nounting nenber 220 can be

mani pul atwo 20@/wenfiormto a curved or irregul arly shape@CImst@om®336i01331
For exanpl e, nounting nenber 220 nay be manipulated to conformto a convex
or a concave surface. Wen nounting nenber 220 is manipulated to conformto
a convex 10surface, the space between adjacent structures 226 is reduced.

More specViiFk #lit gitachediveimyniagmembep 82¢ eligacicmbedimeng dicfghs b mayhgt ¢ he
botton}s%%%ﬁ&qﬁmp&%%%%gﬁ& ZgﬁngQG are brought closer together. On the other
er

hand, if unting I'S attached to a concave surface, nountings
st ruct ur §0232) Themnddlustuadd ¢xtuaipld, hiee apadeitvdtbyaade IATA bdirganhauthb acas of

adj acent ructures 226 increases. 15[0134] In _another exanple, nmpunting
menmber 22%5%@%%5@1 ée%au%lwﬁa?sf%ﬁébu &271%’3/2257%?%{1?737@@%6‘%8 o fpiative fo
| rregul ard.yh SMAPEAhsUHRRS: MBYta é}% I5Aesi g5 e A hpdh AN eBGULYED R Yf f ace.  For

exanpl e, the surface may have a -shape. In this case, a portion of
mount i ng strentoess 228 Ghaonfhoy siep¢,amaméing indniter 220 vadbsmaiipelesddndofnot ker

portion of nounti.n r 220 conforns to the other curved surface.
Inportanﬁﬁ?FV§%?HE€QQ§EP§5@6§WF§WF20nDunting menber 220 to be mani pul at ed
to conforg133 @R cRithple! BosttfedR@nb&D20 G BAnipi8tcd ReBE B I c@vek Cl e
surface. 1t should be noted that the RF1D tag attached to nounting nenber

226 shoulat aglogepvigsudacsi giibeh mouniingf menbdr 220dpmanigulatddeorcagfosarno e gerveke when
it is attached . to an article. 101351 FlI .| i | an .\ illustrating
o i g AgsrrS R R e e et g2 s et B PR Ny s 5347t hat
pronot e frheuxitidisnhdnybdr QR0 BEARGR A Gs@n siShtbtitiRgbottE lurfeRbfldaicages2D8, to a
substantially non-planar surface. In general, nounting nenber 230 may be

sinilar tC¢ hougkt depehioepibes Optheqpiberhppd.dhmepptitgomemha 20s pigishad foh of the
truct t ' | exi il i i In FIG
Tia, str oopeies B PR K RaAS U B8 PHIEE ey Wbl 2 21 Ve
t o 30eachudhésrofaddcde irneu@s 2Rdbectasest f ace, where each of the structures

234 has a | i tudi nal axis 235 that extends substantially perpendicular to
a | éhgth |81 34| apotics GGMP: MENtp Bcoer (e e adisbed ot cgylarly

per pendi %thge’d JuFaRR St i%%ul%ﬁ% sl?a@@d Hface Wﬁclﬁﬁ@ﬁforg hAERE Y urface.
2009/ 102714PCT/ US2009/ 033671 other. Simlar to structures 226, structures

234 may Uertrapepledths satfadehaty lmavs an fSadepar bahsfcagae pogionud tmouatifg4 t hat

cont acts surfag§0232 is g£eaH§r thangf S rfac%4ar a onfeac strycture 234
that _contBERESTaR0gpRons Qi dhs el YRlEedRemaie Berigh PLEPIPYE 234 and
spaci ng hR¢NeEm20thholMs B5thd 3theP t@WBA Surfdc8X Ihpdrtdnyly OftrudRided 206tk IIRTDer  230.
Mount i ng nenber 5230 is configured to bend al ong tze | ength of structures

23420 and meyntivg nyenher JAQ (¢ be menipulstaddd cerfges t@n aiticlecutipesregadglespat theach
o SR RN CRTE: At PR IR AR 150
member 226 should also be designed to be flexible so that the tag can operate when it is
attached to an article.
[0135] FIG. 11A is a plan view illustrating a mounting member 230 including a surface
25 with ribbed structures 234 that promote flexibility for attaching an RFID tag, such as
RFID tag 210, to a substantially non-planar surface. In general, mounting member 230
may be similar to mounting members 220 and 210 except for the configuration of the
structures that provide flexibility to mounting member 230.
[0136] In FIG. 11A, structures 234 include a plurality of ribs or ridges that are parallel to
30 cach other and define a ribbed surface, where each of the structures 234 has a longitudinal

axis 235 that extends substantially perpendicular to a length of an RFID tag. Structures

234 protrude substantially perpendicular from surface 232 and are spaced apart from each
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101371 FIG | 1Bis a plan view illustrating a nmounting nmenber 240 simlar
to nmounting 10nenber 230. Mounting nenber 240 is different from nounting
menber 2300 2bevwrAR, because nmounting menber 240 i ncl udesTrishme®3zxsrr uct ur es
244 that define a ribbed surface, where a |ongitudinal axis 245 of each of
the ribbed structures 244 extends along the length (i.e., substantially

parallel to the |ength) of an REID ta%, i nstead of substantially
per pendi iy Sipilare siregiyich 286, sEMctRias B3¢ agpy berfaparebyuchoha ¢ surfpgsiysep of

structure g tially
aral | of T Sn R pART £ SRR oA LB AR S ARAk, AU RELAS
f1 exi bl e 2drthasontaets wh ditivlofurfioeinThagporedbkape246trudtts8834 ¥Wikd spacinkGS. 11A
and 11B illustrate nouynti ng nmenpers.incl udi ng nounti structures that run
subst ant ibgrwna%@ﬁ*&i%gélpaqm% Kb & unary Veﬁ‘QPﬁfﬁ%ele’thlng%%ﬁﬁ of an
20 REID 19 i{ Btfigufedb2A0 #8nk thel B ABHANAGIPIRGR nfad b bBR TR Ment s,
the nounting structures may have anot her arrangenent th respect to the
RFI D t ag.tafeoed edgaapf gructuresodie! abubeabhrotingr, Atcherdmgln mougtisg meotber 230 may
extend sybstanti al di.agonal | e.qg., at an roximate 45 degree angle)
Co the & digURClIPRLIRIAR T Ayt Fadirtoee P M0 BT ol Ba ferot r ati ny
fl exi bl e jiRutdsPg4menber 250 with a 25channel ed structure 254 that may be

useful for attaching an RFID tag to a substantially non-planar surface. As
shown i n [P13]] HIg, | tBannples diest dlustrating Bduntag rembas2de dinpiar 40 swuherg of

fingers that, | r-digitate wt ach..ot her . Agai t hese finhgers nay

or ofF udie BahRy 2l MghEhatich 247 B RERER o Bl Pg S PO B8 ReET L
edges t 0 ReQIDI®ULtiAX ehbict Y40fnchdetibitg siRasiiask 235 0hat IOARLARDLIMMAtES g
menber 250 differs from nounting nepbers 220, 230, and 240 in that the

i nterior “WECTerd IgnitHgInAeaRbe?4 05 acks olsthe ribbedistruriies Hdeextands glopg e lepgthosed

nt or o iy SRGHHN Sedd o BlhsBhePlsShn I eeiny B s aRL T e
advant aggsrpdndicukax aombk égngtinpfeat RIAID addit otbhoavoaldhélshcdstructues2ié havtannel s

defined by chanpel ed structure 254 rovi de jncreased durability for
hol & ng éamﬁ%@&eﬁaﬁed@mﬁpa%a% aﬁlﬂéu%%t%ﬂe}hépgr&ha&eéﬁa ¢thghddius be” not ed
that it Wu&ﬁg@&?ﬁl&e‘?bﬁo hﬁy%%@ﬁ&%ﬁa‘rly%iﬁlé Q&oéﬁ%ﬁ@%dtﬁ%@mo%ﬁ@mg E3fibeand
240, i.e., enclose the intéerior of these nounting 5nenbers, by placing a

bead of &ddxy around the edges of the nounting nenber while the nounting

menber | d t article surface and allow.ng t.he epo to cure.
Unen t he 1RSI RES FIGh Jd fid U Bure A oadi wimetutifudPeshelie e "
article syit@es tRidud ﬁﬁgsfaﬁﬁﬂ%ﬁn]%éry&ldﬁ&ﬂu}ttb BEsUBRRAILLY ParMQ @& enbiteofiant eri or
space between the nmounting nenber and article surface from environnent al

danmége t HdliIDntag that {sedtachadeo dhasintmganemberuicothtrembodinngits, tp mewseyw to fal |
of f of t rticle surf I il lustra n. exanpl e
or ocess. FRPCHER PP PRRR R B KT, R BT EX 1 e

RFI D t agsonkeniyedahdndahethouiftigy StiltiréthhptityndQibs@ahadlBr disgonbAg €s.g.| & an
particular, FIG 13Ais a concegt ual diagramillustrating a side view of a

syst em 260PFMEE A dagicarngly) wuenlerethoftByBFID gk G 13A, syst em 260
i ncl udes [?1:993'?3@}%2 F'Hga[ﬁ‘iﬁ"gfe'{v #104rMA G dGL HELRRERE flfrbbr £% Wi st hat pronote
y and aroll o

flexibili
25 channeled structure 254 that may be useful for attaching an RFID tag to a substantially

non-planar surface. As shown in FIG. 12, channeled structure 254 may be formed by a
series of fingers that inter-digitate with each other. Again, these fingers may protrude
substantially perpendicular from surface 252 and have tapered edges to promote flexibility
of mounting member 250.

30 [0140] Mounting member 250 differs from mounting members 220, 230, and 240 in that
the interior of mounting member 250 is enclosed. The interior may be enclosed by

channeled structure 254 or an outer shell or layer. Enclosing the interior may provide one
40



RFI D tags 262. Mounting nmenber 264 may be one of nountings structures 220,
230, 240, and 250 or any other conceivabl e nounti ng nenber including

st ruct ur esotzb@tioprienote flexibility. As previously di scRETAS2000083671 ng
menber 264 nmay be fornmed by a variety of processes, such as casting or
enbossing. The roll of RFID tags 262 may generally include 20 a nunber of
the sanme type of RFID tags, but nmay, in sonme cases include various

di f f er entortyqse gdvsmtages. OF eraeygm bh'élj%/qﬁn@ad@j&@nﬁﬁgih%évequ the clpnnplsslsfiged RFI D
t o . A LS
ot her - cortyephi iR e} A0 B EMRBAFIRRGEI R MIh O MpbEROS 2 0

of RFI D tegforai2o theartide swatdcedItoteilddetnordsbatfiamey bE possibhd ionglgoeesdber 264

such that the undersi of. REID t 262 are placed.on the top 25surface of
mount i ng YHEE H%Iaber%@?, 220nsafh and P4 Trornclgse P GE theso MOd)tie appl i ed

to mpunt irﬂgmﬂﬁgt‘%%f Tpi&hes & i &f*é%%‘aﬂoﬁﬂc@{h% léqgé’sgdsf tgi&%uﬁinﬁ%b&;wﬁlé et ures

266 runs along a th” WANT of 't RFID tag own |
Al t er nat imelnying REnibor agta2 bl todlye déickrpptfaedinde!lowping tha gperentoeur2 6 hsnich

that a lopgitudinal axis Qf each of structures 266 run al png t | engt h of
RELD  aganSgo guitainoist Cirafia e i bbtro e stk SyPERsa0em | ar 1o
struct ur agspRéfive thBurktloS&ABE to PEJtLE tHY i8R 1idP §HalBYethReS HRTh@ M ing mommryenl y
spaced over the underside of RFID tags 262. WO 2009/ 102714PCT/ US2009/ 033671

101431 | randnytidaswetaca froau¢resionmentaldaseaggeshitivey aftect the adbogsiwiantlgeescghe
mount i ng nenber 26 Lier t LLi.ng RELD tags 262 over nounting nmenber 264
so that trﬁ%unng@ﬁenéein\i/%ee?%%%ll}roesoéglachgegssur%g\z to nmounting nmenber 264 as tags
262 are r[ol48d1ost 03 Aandt 3B glluseaRen Xbrhplclitecad ReshalfataingRADAGRESSUr e
sensitive adhesive or a curable resin. Wien 5t he adhesi ve has set, RFID

tags 262 Wiya poupting mewket that epblge therkF Dhpgs forkyi ajteeiipd) to rpbstandigdy aaer
nount i ng S i ! i ry: I . .

cutting rgfﬁﬁg srf%r%' gﬁ%@@%@ %rr%yﬂgiegsuse Céfpg&%lﬁi a%?n :11\[}%;1, ¢ tal® %&P%Q{egg@?r om
t he st ructysem 26014 hakh factulidsudhl RIBID @ape SInadFIGo 3 Al gRtevi 260 mtludysd em 260.
More specifically, FlI | 3B .illystrates | D tags 262A-E. placed o op of
TouRt | ng MEHIEE nRCT g Wéﬁ S P o0 p?%?te;‘@él%ﬁﬁmgg f‘é‘?l_?ett i ng
RFI D t agRfipRhs 5. rmﬁﬁﬁrg meh D&%k i o&%h%ﬁtiﬁé@stﬁ&ﬂﬁ@s@%?%(ﬁ!z@fﬁf ans

illustrating another exanpl e process for manufacturing RFID tags with a
mount i ng amg@H 6 or himasothenaincesatlhendriling sgsbtoinbedalgtsaubtadsttatproudst ant i al |y

- pl f | ticul ar, h of FlI 4A- 1 4E i | lustrat
o e B DR SR e BheC Dot by e 68,
](c:oncept gﬁiroégs@@! idh lab baksihg aF bMBoRingaviiheYolR ORFAD ta%%@%ﬁ Rthy&cABYIN iHdedeenber
or an

IDtag. FIG MBi1llustrates an RFID tag 274 placed inside cavity
27020 | n adeinebes pf the SREE yneay REIR, tagm put mwpy, on sefow egscs inchsle vareusphi gotctie

protectiaqp.to g 27 C i_nsi i 0. w th RFID

tag 274. O[Weesr? f@“@ t%ésg Tglfjugﬁy a?ﬂ@%’)?‘%%&lv%rog %Acs Ve Plc ﬁ%grésérﬁdaléé Bl\eélieurcl1 eﬁl aced
in cavity3[2iddp a6vhd ¥s &ACribeRlyin lieis Histlosge ok bihcAcatRetti@hl DloeSDandofha®ls Shown
in FIG 14C. _For exanple, cavity 270 maislbe filled usi ng i njection nolding
with a t AP sshome ipEEOnI3A.chamll ¢fiREDrtags 792 may batdled ovemispyiiacol 278

1 v, RSl SRRSO AL OBE SR 5l SR GT°
t hats pr omntfecd dfaxowitingtnyernisetr @64 eBomnex@ittple, Har rol>od R D tagsiPa@inmgy bheoaplpli2d 8
to mounting member 264 such that a longitudinal axis of each of structures 266 runs along
a width Wnt of the RFID tags as shown in FIG. 2. Alternatively, RFID tags 262 may be
applied to mounting member 264 such that a longitudinal axis of each of structures 266
run along the length of RFID tags 262. In yet another example, structures 266 may be
30 similar to structures 226. In this case, structures 266 may be substantially evenly spaced

over the underside of RFID tags 262.
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25 may be shaped to inprint structures 226, 234, 244, or 254 into resin
276. Alternatively, shaping tool 278 may cut the structures 226, 234, 244,
or 254 frewmao@sion71276 after resin 276 has cured. 101481 PCm/USk@@9/0336E resin
276 has set and shaping tool 278 has been renoved. Thus, what remains in
cavity 270 forms an RFID tag with a nounting nenber for attaching the RFID
30 tag to a substantially non-planar surface. This manufacturing process
may be pdPl4Ydnany gasges sdispize Py beenplied torteasiopsurfaes Jrmakag mamdcect i on

f hi
(rom enviSQTERI ol RO, LB, 968 LIS Rlink AR} B Qknal e adilbfLON. LT

2009/ 1027sﬂ:é19€§|’RFJE52 mgQQGB&Bﬁbuﬁatgenhhbertzmhs tdgis 263 lagecrolled bntoinkhedngect i ons
at the edges i ch mag not be abI e to be achi e ed when Wé[]g t.he _process
descri bed $R03I26S, The Adbgsye gy b e[%)ﬁf&@@jurﬁeesmim Sivg OE R FBHRIS TESIPe NSt i ve

vi ew; of ap. QL}%%Q’Q;E ‘ﬁa&:elt %I@ta%@%z R b E&%&Q%e%&&wﬁtéhﬁlaﬁﬁmﬁ Rgihy with
RFD tag 20 of FIG 2A, bu | oop antenna 301 of 5RFID tag 300 i1 ncludes a

slit 302 tagsatndfromuottingmeengwr assconblieg Rilcentmig, lads duttings or @hedknownFiuGingl 5A,
t he fecdpoi nt FAN—T of 3D .00 tenn oint at which IC
chip 26 CBtBPLCTIEosmes ity oo FuRiREgtt AiiBieditiiatushiian | oop
antenna 31@144]"}&@1%8 hiRedicd Ry Eplak RRW SRR NigRdp&iifital FANG.NBRB be
adjusted to tune 3D Iéagjantenna 301. In other words, the |ocation of

f eedpoi ntillmsgtesidjiDifagadj2ds Eadiced ohdent efrmerttisig ramanr@éélaﬁ@eheﬂdmfesan | oop
ant %gna ?P%E \1\?1% maacaéf)ﬁﬁﬁw?éﬁ&tﬁgﬁP@D%g%ngg?rp.thJ O%tgglﬂ Additionally, slit 302

| oop "antenna sac I'ng elenent for further

tunl ng of[0843]I[I0IS. A SARardoncShtull BOZains ilQfsfra@ig dnotivr karbhle prat8sdipr a
di stance of Soi Hy] . Again, in the exanple illustrated in FIG 15A,

Sor psi - rmgm! 4%11@%%%@@ pathse raeyrdipgingsantier dat peabiesithe BEID Gigsto B2 has a
| ength L t 50f i n.
such, st a8l LSREEREANE nbAIER dhhol S pdifUR ot TGS, TEEET, 2 o
wi dt h equllisttateslasseuentid Dk &l th tli'élﬁlaheﬁagtﬁ,lhngbi)r(ﬁ:but 302 Ls111., and the

di stance th lit 302 is offse fromI1C chip sur,. may be adjusted
to fne d@lft{lo‘ﬁ%é Aha coseptyal dipgrpmyllugieading m&éw ?f7°q{9rf>ﬁ%mgaémmﬂnse| ow,
adj usti ngpt e 6N REQS a3 'P{IG3péﬁ3 1lﬁl§ﬂte§£{gRﬁh§ta%'f7t4?ﬁ§c%dt1&?&e Qi 2392 is

of fset 20from I'C chip 26, , may be particularl fective in tuning
an i magi rarydipan to BFIIatag Wed&n@p ootox&lt)ﬁllmmﬂlaaprtoefrdea)r@@ctlmletbdﬂcl?lgdago as the

t Addi t [ h d I I
Dart of A TRt BRS¢ oS D R egfar N SR AE o4 Y < anco
I n one erHﬂ?@tH@?Fotedtf% Qe beenbth%edﬁiﬂ éavh?avmvi@yrzmhl e en AR Rkl 4Bt el y
0.5 - 5 mmand the offset of the slit fromI1C chip 26 maéqbe 25bet ween

appRoxi rmméawe ®sin 27§ amyho o IsEXG. IACt fFer exeamrpe, @awlty 454 may od fillad psigg  15A,

slit 302 C h e of conductive portion 40. In other
wor ds, sl |fec% 1%5%91}%\?/1& ?&Q%H% GSI{H 26 in the sane directions as IC chip
26 is of flee47]fHIOM ¢B Nl @traid aGhapihk ’[d@)@méad‘.ﬂlﬁﬁdﬂﬂ’lﬁto?x@ém 2@69Shapify tdoe2TRgat i ve

x-dircction in the exanple illustrated in FIG 15A Relocating slit 302 to
t he may be pressed into resin 276 until resin 276 has set. Shaping tool 278 may be shaped to
imprint structures that promote flexibility into resin 276. For example, shaping tool 278
25 may be shaped to imprint structures 226, 234, 244, or 254 into resin 276. Alternatively,
shaping tool 278 may cut the structures 226, 234, 244, or 254 from resin 276 after resin
276 has cured.
[0148] In FIG. 14E, resin 276 has set and shaping tool 278 has been removed. Thus, what
remains in cavity 270 forms an RFID tag with a mounting member for attaching the RFID
30 tag to a substantially non-planar surface. This manufacturing process may be particularly

desirable if chemical resistance or other protection from environmental damage is desired

for the RFID tag. In addition, this process allows the RFID tag and mounting member
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30 | onger side of conductive portion 40 may cause a significant change in
the response of 3D |l oop antenna 22. |If the offset of IC chip 26 fromcenter
34 of antworaosdiji4i .e., FANT, is in the negative x-dir@cTiusegoobss7i onger
portion of the antenna would be located in the positive WD

2009/ 102714PCT/ US2009/ 033671 x-direction fromthe offset 1C chip 26. In
this case, the resonance of 3D | oop antenna 3Wsplits into a double

r esonancessqmply irbe figishedagith Fbbesk sesidgns;ah deedses whidempeseihgible tolsquency
noves to hj i it i f band. This increase in
r esonancea%frggg%gtﬁ%g%nlgé)ﬁlgZﬁ%ér%%&s]élsgré%@n% Ssgﬁggﬁgg}%ppl i cations. 5101531
FI G | 5B [0$49 HGos3A secdchomatic pirgwetic WREwbftaagx@aplciRFIDaag BOGt RBID wigt h
article syrface 28. Sim|ar reference_npunbe reference siml f eatures.
As descr 1§00 & Sulgangip aith 5 Be pRePBRE 3 Bt I?Fﬂ%&grﬁnsb%beg ant enna
301, 51 husmm%g abh NS Y5iETT2 th&%nft%@ YR nHANAUCHENE RIS it 1GA2, 44
and 46. The current |oop through 3D [ oop antenna 3Wis illustrated by the

arrows. UdlA, ke febdpoonttiagndf 310 dgopt dntamgB03BD.d.,.abppaint @mwtacl2lC diip26FI G 2B i n
whi ch there jis no gap,,.the rrent | og r 3D | oo tenna 301

tr aver segoaprs by HR 301 1S o L & cPEFrP g bropenisgst 7T SLPReEbhr . ¢ e
t hi ckness;pgle, aRNBEAIINVGT fEddpEmt #Q\ OMaPBE Adjaitétoiing BB 1847 intdfd 30RY £ach act
as a capacitive plate. The current excited thro;gh 3D l'oop antenna 301

causes t hshesivguds, die lopation3d fecdphing Hvaicmaybe pdjnsted todicttar majshentimpsdanee char ge
and,di schar as _t he ernating curre (AC),excitation signal flows
15t ﬁ(?oughO%é%e]IOSBBmg%?aZ%(ﬁaW%@T}1 etﬁigl,lcesﬁlp C@f)éz@uncti ons as a capacitor that

char ges g0050]i sediasgglyasit 802 oS esdpadnitditia G0N heRtact Aductapatieise tumdg ng it
appear that the alternating current is flow ng t hr ough uni npeded whil e

still prolmemdon fMeherduning of ABdeen mites 2de it PR2H olisst/Eom 16105 26bX #ough
FI GS. 15A: i1l usg e itAhign an -ar na

20si m | alr%h?%%tekj?gt% OFsFﬁ]?)T\'Nr% %ra?{{’%f%%X%ﬁﬁlgﬁgus;@etdéﬁg?%wsr%rSQFFgl‘?Ti 1? g{ @%2 may be
added t o miphere adirenioa feint LCthip@6, S$iudiR ks 3Pngthdp; ariae rapacsbits thd lasdgth at ed
in FIGS. 3A and.3B, .to.provide simlar tuning capabilities. Furthernore,

RFI B t ag ﬂag,n K. Ay e %f g §e VN AR PIUHCLYR RATHAR 301

wi t hout the,fiegdpolvitith EAMI 9 el ng of fset fromcenter 34 of antenna 30 L
In this case, ICchip 26 1s |ocated at center 34 of 3D | oop antenna 301,

i.e., 25HAN1]=TtR.ledsh 681630230 troapl thn destamac 801 sledf2iineffsed domoliCechipdh, one

slit 302.,[0155] FIGS. A and arc,_Sm ar. that. illustrate exanple
Sotal T estmoCeani ki a G TekogRtei 25t Ml e O ped iR Lo T oL es
a Sm t h Q['é?aﬁltbékﬁw,taﬂﬁls{i e 1&1@@1@6%&@093‘ Lo, 4R0Re aRtBBOBaldit802 K 88et 2A and
2B, with dinmensions of LANIl = 70 nm HAN = 5 mm FAN = 13 nm and WANE

6. 280 mm Hram 1@ 6Bipi 36, Setrsat wey he sptichladi gHfectdgan tunieg arpieagitagppahacan of 3D

| 00P ant apAa, 01 o ol GRS 3 Sl 3920R55RRLT RditoRE) Gy 1A and

15B, with dInensions o 2 hm WANI =

12.5 MM 3stivsdts mah bomkcdaodinks, tuic 8 rdal paft of the hE&lante 6#8@Msbpl andBna poi Nt
310 WO 2009/ 102714PCT/ US2009/ 033671 illustrates a desired region_ for
opti mal idPpederdtoms tharicrgianes: 1aone gakpliaent thgcpeth of thersdis Lgaomanke 3128

B L O S S L S T
25 between approximately 2 — 15 mm.
[0152] In the example illustrated in FIG. 15A, slit 302 is located on the shorter side of
conductive portion 40. In other words, slit 302 is offset from IC chip 26 in the same
directions as IC chip 26 is offset from center 34 of 3D loop antenna 301, e.g., in the
negative x-direction in the example illustrated in FIG. 15A. Relocating slit 302 to the
30 longer side of conductive portion 40 may cause a significant change in the response of 3D
loop antenna 22. If the offset of IC chip 26 from center 34 of antenna 301, i.e., FanT, iS in

the negative x-direction, the longer portion of the antenna would be located in the positive
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antenna 22 may, in some instances, not achieve the required reactance to
mat ch the S5exanple IC chip. As illustrated in FIG 16B, however, adding
slit 302 wo2obperoeanducti ve trace form ng antenna 301 r ePalits2600/083621
significantly inproved inpedance matching of the 3D | oop antenna 301 and
the exanple IC chip. As illustrated in FIG 16B, the inpedance vs.
frequency curve shown in the Smth Chart is pulled way fromthe edge of the

Smit h Chayireqtien dfom Beohisctdesihindo.i pbaasce tipmgsontpanatd) laopagtenny land 178

par amet orPLS T Rl At 455, P ANe G RBARE, LGS IR A 32
are resi shanseo bighveScqeacicuwitkia tBRUBF32&fcadyebandadhanaacaddrin esoharcean RFI D

tag with |s111 equa] to, about 0.2 mm__about 0.4 nm about 0.5 mm about 0.6
mm  aboutTU8NGHHIaR ?ju%é‘tﬁ%btfﬂf%wmre@ﬁg@@ﬂ’?b%tvmmrrput er nodeling is

per f or meqoys3Eres. Y56 Wi basSQRE6K,l 30y bRFI . r%g)ggnwgg*@ﬂu@g%ﬁgﬂthod}ﬁé‘i@ infinite

ground plane. The conputer nodeling 1s perfo g di nensi ons of
LANT = 75unfage 2HAySimilafrafencie numbers reference similar features. As described above, RF

- - WANT - 1 mm  FANT = 30 d Soi-i-shi = 5 nm These di nmensi ons of
30 1 vop SERLAS eSS b hte BoneR A S e 30 b e Sy TEPE oo,
The si multgidu@R chifdurBYd PErTBRk A/ an, 4hghd 462 ARGV ch@BEE tHRbudh 319 Icdp@itenna
20101571 The result of the conputer nDdellng)ls shown in FIGS. 17A and 17B

wi th a nedkes illisteted by theariroaysa iglide dhreeuatanhtpop thrgquen 3l ledp @ua@nya2 of The
resul t of..j-he,conpu nodel | ng..suggest,s that i asing Ls sults in
i i R E TR TR S iRPAERUSo, MR FRP M D L RN

However, dcrssk @aap nOthk $iasé for@sd by slif 302s Uhphanttiiaalthehanges dfkohdigtiveragianar y
part of the inpedance (i.e., reactance). Mreover, the changes in the
251 eact arfdeoneqash side of HeslinBhwiay cadiest ant Faneriivaplae t Theeurieat Peiehance

f r equencyy of, of B 135 hAG A A0, Hiadalhg: £ 1DEhRM Rf QUGS of £Sul ti ng
ﬁ% t A ng15 2ol

resi stance afnd reactance val ues 0 e conputer no e exanpl e
oper at i ngapac@ueo clyargé atlldistdzgearsehalaviaiag chetwWA G@xcitbon signal flows
2009/ 102714PCT} 1£2009/ 033671 Lol I T () Resi stance (o) React ance (Chm)
discharge as the alternating current fluctuates, making it appear that the alternating current
is flowing through unimpeded while still providing the tuning capabilities described
above.
[0154] Although FIGS. 15A and 15B illustrate the use of slit 302 within an antenna
20 similar to that shown in FIGS. 2A and 2B, one or more slits 302 may be added to other
antenna structures, such as 3D loop antenna 50 illustrated in FIGS. 3A and 3B, to provide
similar tuning capabilities. Furthermore, RFID tag 300 may include slit 302 for use in
tuning 3D loop antenna 301 without the feedpoint Fant of being offset from center 34 of
antenna 301. In this case, IC chip 26 is located at center 34 of 3D loop antenna 301, i.e.,
25 Fant = 0. Moreover, 3D loop antenna 301 may include more than one slit 302.
[0155] FIGS. 16A and 16B are Smith Charts that illustrate example total impedance of
two antenna designs. In particular, FIG. 16A illustrates a Smith Chart of the total
impedance of 3D loop antenna 22 of FIGS. 2A and 2B, with dimensions of Laxt = 70 mm,
Hant = 5 mm, Fanr = 13 mm, and Want = 6.25 mm. FIG. 16B illustrates a Smith Chart
30 of the total impedance of 3D loop antenna 301 that includes a slit 302 as described in
FIGS. 15A and 15B, with dimensions of Laxt = 75 mm, Hant = 5 mm, Fant = 32 mm,

Want = 12.5 mm, Soprspr = 5 mm, and Lgrir = 0.5 mm. In FIGS. 16A and 16B, point 310
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198.90 0.4 15.83 80.52 0.5 14.83 48.94 0.6 14.83 27.00 0.8 14.27 -0.80 1.0
13.31 -19.05 Table 6 101581 FIGS. | 8A and 18B are graphs denonstrati ng
exanpl e reeistvamea4and react ance curves that paranet eri PeTIUSR009/08367Df f set
SON.SH r of REID tag 300. In other words, the 5graphs denonstrate exanple
resi stance and reactance curves that paraneterize the results

illustrates a desired region for optimal impedance matching for an example IC chip.
Squares 312A and 312B illustrate an impedance of the antennas 22 and 301, respectively,
at an example operating frequency of 915 MHz. As illustrated in FIG. 16A, 3D loop
antenna 22 may, in some instances, not achieve the required reactance to match the

5 example IC chip. As illustrated in FIG. 16B, however, adding slit 302 in the conductive
trace forming antenna 301 results in the significantly improved impedance matching of the
3D loop antenna 301 and the example IC chip. As illustrated in FIG. 16B, the impedance
vs. frequency curve shown in the Smith Chart is pulled way from the edge of the Smith
Chart closer to the desired impedance 310.

10 [0156] FIGS. 17A and 17B are graphs demonstrating example resistance and reactance
curves that parameterize the length of slit 302 (Lgrir) of RFID tag 300. Curves 320A-
325A are resistance curves and curves 320B-325B are reactance curves for an RFID tag
with Lgr it equal to about 0.2 mm, about 0.4 mm, about 0.5 mm, about 0.6 mm, about 0.8
mm, and about 1 mm, respectively. Computer modeling is performed with a vacuum

15 spacer and the RFID tag 300 placed on an infinite ground plane. The computer modeling
is performed with tag dimensions of Lant = 75 mm, Hanr= 5 mm, Want = 12.5 mm, Fant
=30 mm and Sorrser = 5 mm. These dimensions of 3D loop antenna 301 remain constant
as Lgryr is incrementally increased. The simulation is performed over the frequency range
of 0 to 3 GHz.

20 [0157] The result of the computer modeling is shown in FIGS. 17A and 17B with a
marker placed at an example operating frequency of 915 MHz. The result of the computer
modeling suggests that increasing Lgy it results in minimal changes in the real part of the
impedance (i.e., resistance). However, increasing Lgr 1t results in substantial changes in
the imaginary part of the impedance (i.e., reactance). Moreover, the changes in the

25 reactance are obtained without substantially affecting the resonance frequency of the 3D
loop antenna 301. Table 6 below provides resulting resistance and reactance values of the

computer modeling at the example operating frequency of 915 MHz are provided below.

30
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2009/ 102714PCT/ US2009/ 033671 SOFFSET (nm Resi stance (Chns) Reactance

(Ohns) 5 2.521 -158.80 10 1.696 -72.30 15 1.899 -21.91 Table 7
[0158] FIGS. 18A and 18B are graphs demonstrating example resistance and reactance

curves that parameterize the slit offset Sorrser of RFID tag 300. In other words, the

graphs demonstrate example resistance and reactance curves that parameterize the results

of changing the slit location with respect to the feed location. Curves 320A-323A are

resistance curves and 320B-323B are reactance curves for an RFID tag with Soprser equal

to about 5 mm, about 10 mm, and about 15 mm, respectively. Computer modeling is

performed with a vacuum spacer and the RFID tag 300 placed on an infinite ground plane.

10

The computer modeling is performed with tag dimensions of Lant = 75 mm, Hant=5

mm, Want = 12.5 mm, Fant = 15 mm and Lgrrr = 0.5 mm. In this simulation the slit is

placed on the shorter side of the feedpoint location Fanxt. These dimensions of 3D loop

antenna 301 remain constant as Sorrser 18 incrementally increased. The simulation is

performed with frequencies from 0 to 3 GHz.

15

[0159] The result of the computer modeling is shown in FIGS. 18A and 18B with a

20

marker placed at an example operating frequency of 915 MHz. The result of the computer
modeling suggests that increasing Soprser results in minimal changes in the real part of the
impedance (i.e., resistance). However, increasing Sorrser results in substantial changes in
the imaginary part of the impedance (i.c., reactance). Again, there is substantially no
affect on the resonance frequency of 3D loop antenna 301. Table 7 below provides
resulting resistance and reactance values of the computer modeling at the example

operating frequency of 915 MHz are provided below.
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[0160] FIGS. 19A and 19B arc graphs denonstrating exanpl e resistance and
reactance 5Scurves that paraneterize the slit offset SOFFSET of RFID tag
300. I n twDO=0e/meiiati on the slit is placed on the | ongePCIiuse009f033che
feedpoint location. In other words, if the offset of 1C chip 26 fromcenter
34 of antenna 22, i.e., FAAl, is in the negative x-direction, slit offset
Socrsur would be in the positive x-direction fromIC chip 26. Curves

330A- 335A arc resistance curves and 330B-335B are reactance curves for an

RFID tag with SGW ] T b r ogt 15 mm
about 20 nm abouyt 25° Bha| abSur 4t h‘[Illlgr)esp(eig alcﬁlaéfé b@ﬂp ter nodeling
is performed with a vacguum sppcer amglsthe RFID tag SDiggﬂaced on an

infinite ground plane._The cohputer nodeling is perfornmed with tag

di mensions of LANT = 780nm HANT = 51ﬁ9ﬁ VANT E 12. 5—7%}1%0 FANT [= 15 nm and
LSLIT = 0.5 mm Im LIIIT stotptTon L1§9$IIL STl dbe;i 197 the—shorter side
of the feedpoint |l ocati on 15[These di'nensi ons jof 3D ['00p antenna 301 renain
constant as Snmjspi is increnentally imelersed. The simulation is perforned
with frequencies fromO to 3 GHz. [0161] The result of the conputer
nmodeling is shown in FIGS. 19A and 19B with a marker placed at an exanple

operatin C f f r
suggest s g{t ﬁu&ﬂ%ﬁgc |¥9n§ a%@%%rg%r aﬂ-ﬁde glgdéglet}n% y (t‘i 5 rg@%%%oaﬁl gg% Ita{rlll Eg 301
resutts 20irves ttllﬂee paﬁmmﬁe ehendlit 3Msd tBPrs AN IRIFID 139 39@I Int thisngmilhation eheditiubl e

resonance. aIIy FSET |n reases, the reson nce frequency of
3D | oop dﬁP@ﬁ f lQrpgiet pi H? @Eéﬁeqpﬁ% cREOTHE QYBFEavordy. it P@Eﬁﬁ%@? 60 t he

resi stancg b RACKRASE P ATBAREAL o oF LDR ih AREHANGS, x INCHRASHNGHSGFFSVF

results inlimted changes in the resi'stance tantial changes in the
r eact anc&Sorkabiveuld teeh tw mxsmwadahracaelmﬁbm@ clep 26t Gnoes é&@A{%éAtaaﬂce val ues

of the 25co ut er nodel he ex er.at i cy of 915 WVHz
oo r 0w EBH PG R OB 2008358 MR R SH05T s I AR st S Bhce
(Ohrs) RagabaRSEMMOIEE 10 nthn 834t + 2686, hod@ 219-1ﬂ1¥1,7ab0113§5 alrn, and about 30

mm, respectively. Computer modeling is performed with a vacuum spacer and the RFID

tag 300 placed on an infinite ground plane. The computer modeling is performed with tag
dimensions of Lant = 75 mm, Hant= 5 mm, Want = 12.5 mm, Fant = 15 mm and Lgiir =
0.5 mm. In this simulation the slit is placed on the shorter side of the feedpoint location.
15 These dimensions of 3D loop antenna 301 remain constant as Soppsgt 1S incrementally
increased. The simulation is performed with frequencies from 0 to 3 GHz.
[0161] The result of the computer modeling is shown in FIGS. 19A and 19B with a
marker placed at an example operating frequency of 915 MHz. The result of the computer
modeling suggests that placing Sorrser on the longer side of 3D loop antenna 301 results
20 in the resonance of 3D loop antenna 301splitting into a double resonance. Additionally, as
SorrseT Increases, the resonance frequency of 3D loop antenna 301 shifts higher into the
UHF band. With respect to the resistance and reactance components of the impedance,
increasing Soprsgr results in limited changes in the resistance and substantial changes in
the reactance. Table 8 below provides resulting resistance and reactance values of the

25 computer modeling at the example operating frequency of 915 MHz are provided below.
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15 0.7269 -101.0 20 0.4825 -74.38 25 0.5246 -54.05 30 0.5365 -37.69 Table
8 SExperinent 6 [0162] In Experinent 6, the read range of seven different
RFI D t agswoi2o®/102R¥I D tag A, RFID tag B, RFID tag C, RFPDTIUsg00®033F D t ag
E, RFiDtag F and RFID tag G were determ ned. Each of the RFD tags were
designed with a length LAN = 75 nm a width WANT= 12.5 mm a hei ght HANT =
1 5mm a feedpoint FANT = 16 nmand a wwdth gnd = 1025 mm RFID tags A-F
were designed with a slit offset SOFFSET = 5 mm but with varying slit

|l engths LSLIT. RFID tag G was designed simlar to tag D, except had a
different slit offset SOFT SE |' The results of Experinent 6 are provided

in Table 9 bel ow,| Sefispi (nfy N) Besiksute (Phms) Reactance (Ohms)
5 0.8061 -206.1
10 1.477 -139.2
15 0.7269 -101.0
20 0.4825 -74.38
25 0.5246 -54.05
30 0.5365 -37.69
Table 8

5 Experiment 6
[0162] In Experiment 6, the read range of seven different RFID tags, i.e., RFID tag A,

RFID tag B, RFID tag C, RFID tag D, RFID tag E, RFID tag F and RFID tag G, were
determined. Each of the RFID tags were designed with a length Lant= 75 mm, a width
Want= 12.5 mm, a height Hant = 1.5 mm, a feedpoint Fant = 16 mm and a width_gnd =
10 25 mm. RFID tags A-F were designed with a slit offset Sorrsgr= 5 mm, but with varying
slit lengths Lgr 1. RFID tag G was designed similar to tag D, except had a different slit

offset Sorrser. The results of Experiment 6 are provided in Table 9 below.

Lspir (mm) Sorrser (Mm) Read Range (ft)
RFID Tag A 0 0 <5
RFID Tag B 0.4 5 10
RFID Tag C 1 5 10
RFID Tag D 2 5 10
RFID Tag E 4 5 9
RFID Tag F 6 5 9
RFID Tag G 2 3 5
Table 9

15
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Read Range (ft) RFID Tag A0 0 <
RF1D Tag D2 5 10 RFID Tag E 4 5 9

10

15

20

25

30

5 RFID Tag B 0.4 5 10 RFID Tag C1 5 10

WO 2009/102714 PCT/US2009/033671

[0163] As illustrated by the results in Table 9, when the gap was shorted (gap = 0), the tag
did not read at the end of the test chamber. When the length of the slit Lgrir was increased
and the slit offset Sorrspr remained the same, there was no substantial affect the read range
results. When the length of the slit Lt remained the same and the slit offset Soppspr Was
decreased, i.c., comparing the results of RFID Tag D and RFID Tag G, the reduction in the
offset Sorrser reduced the read range considerably. Based on these experimental results, it
appears that Sorrspr may be better for tuning the RFID tag than Lgyr.

[0164] FIGS. 20A and 20B illustrate another example RFID tag 350. FIG. 20Ais a
schematic perspective view of RFID tag 350 in conjunction with article surface 28. FIG.
20B is a cross-sectional view of RFID tag 350 in conjunction with article surface 28.
RFID tag 350 conforms substantially with RFID tag 20 of FIG. 2A, but 3D loop antenna
352 of RFID tag 350 includes overlapping conductive portions that function as a tuning
element. In particular, a conductive portion 354 of 3D loop antenna 352 overlaps at least
part of conductive portion 40 of 3D loop antenna 352. As an example, conductive portion
354 and 40 may be partially overlapping conductive traces.

[0165] In some instances, 3D loop antenna 352 may include a substrate that separates
conductive portion 354 from conductive portion 40. In other instances, conductive
portions 354 and 40 may be separated by air. Like slit 302 of 3D loop antenna 301, the
overlapping conductive portions of 3D loop antenna 352 may be located on the shorter
side of conductive portion 40, e.g., to the left of center 34 and IC chip 26 in FIGS. 20A
and 20B. The overlapping conductive portions 354, 40 may provide additional antenna
parameters that may be adjusted to tune 3D loop antenna 352, including a height of the
overlap Hoverrap, which is equal to the distance between conductive portion 354 and
conductive portion 40, a length of the overlap Loverrap, @ width of the overlap Woverrar,
and an offset of the overlap Foygrrap, 1.€., the distance from the feedpoint of IC chip 26 to
the overlap. To increase capacitance, the overall area of the overlap (Woverrap X
Loverrapr) can be increased or Hoverrap can be decreased. The changes in capacitance
will cause shifts in resonant frequency and can be used for tuning the antenna to a desired
impedance.

[0166] FIG. 20B is a cross-sectional view of RFID tag 350 in conjunction with article
surface 28. Similar reference numbers reference similar features. RF signal 18 excites a

current through 3D loop antenna 352, thus generating a current loop through conductive
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RF1ID Tag F 6 5 9 RFID Tag G2 3 5 Table 9 15 WO

2009/ 102714PCT/ US2009/ 033671 101631 As illustrated by the results in Table
9, when twe g@pnoaas shorted (gap = 0), the tag did not preadsawdwbis7end of
the test chanber. Wien the length of the slit LsLIT was increased and the
slit offset SOFFSET remai ned the same, there was no substantial affect the
read range results. Wien the length of the slit Lsisr remained the sane and

the slit ROFieerOSEEHAETO wd35% ecuagalgop fhreugh Hdpearantrgng A2 esul ts of
R D Tag iFPu&&‘E’edFigJ e gﬁgwgi Uhﬂge {h%%ﬁ%ﬁt%o &&J&ﬁeﬁ fol%stanf.%ﬁf{ $Fd fﬁ‘f‘ yged the
y. on 1 nt a S, | pp

read range consi dera Base ese experi resu appears

t hat SOFRBEFurmay ldop theiugkBDfloop tntenmg SLhewRstDidrag thdhgap beswéeh coh@lbAE FI GS.
20A and ZOB.ilggftrate another.eﬁ%nple REIF)tag 350. FIG 20A is a

schenat i POBILHEANdLENGRcLNE prtion48: tagersblar Ahcovsareips 8ATROE A ar ti cl e

surface ?c%ndl'fdtﬁﬁ p%R%Q?lélb,SSﬁ e?éEl? §§t'2a§ %Cc%:a%%ﬁ{e £V£t€%a@ﬁh d Dhd &Ccrdne dsne

conjunction wth article surface g 350 confornms substantially
wi t h RFI Rlteagtifg caierfE( AC) 2¥ited uigndldweothraghShhmof Bateofia KR THuageBtst

i ncl udes pver| in onductive portions at fupcti.on as t uni ng el enent .
i part: doe et Sgtatarmecsie R posiao st PR e eRA S5 over | aps. at
| east parditchfatif® BeG: iy BowRE thidlgi 9D Abop3iAtéRaR sah BRI 3¢hilARlaN exanpl e,
conductive portion 15354 and 40 may be partially overl appi hg conductive

traces. 10068hglthe eapaeitive smarcepabiBikd dsgribadtabara 352 may i ncl ude a
subst r at t,Sepa ndugcs | ortion 354 from conductive portion 40.
%(% e[lﬂ%@ Al%hoglgfl ?’%ﬁsu(: i idﬁlf[‘llugtﬁ%te gl}:? A58 Rgoxﬁﬁ%ﬁgg}lggapa01t1vee[

m .
I n ot her ances; I've por e separg e by air.

Li ke sl i telstéht &fithdDad a@enmanidinao ut shdviieinoMers. apRind @B oReti@pinge portions
of 3D | oop antenna 352 may be | ocated on the shorter 20 sjde of conductive
portion 4ondectiye pogtipns Rad.[4drmasphe edsedl & othar aptepnpctregigesopich as FPAEP 20A and

antenna. paraneoErL i BB RS L B e R o
i ncl udi ngruathem@hf RBID tahd 50 veayl iagudostdlapping shindittivs pagjoad for asd ineudingt ance
e e DL Lo, F e L S Rk o o il P
352. In this case, IC chip 26 is located at center XX of 3D loop antenna 352, i.e., Fanr =
0.
[0168] Various embodiments have been described. These and other embodiments are
within the scope of the following claims.
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25and an of fset of the overlap FOYERI kp, i.e., the distance fromthe
fecdpoint of 1C chip 26 to the overlap. To increase capacitance, the
overall arca of the overlap (WWERLAp x LovErtuu)) can be increased
or HoyERLAp can be decreased. The changes in capacitance will cause
shifts in resonant frequency and can be used for tuning the antenna
to a desired inpedance. 3010166] FIG 20B is a cross-sectional view
of RFID t in conjunction with article surface 28. Simlar
referencﬁ%@%@%’s reference simlar features. RE signal 18 excites a
current through 3D | oop antenna 352, thus generating a current |oop

t hrough cpnducti v 2009/.102714P 009/ 033671 portions 40, 42,
44, 46 and 35 .rﬁ%}[r\éo‘ﬂw‘é\hkde’l“ Eﬁtl?l?%:}gﬁm@lﬁop’(%‘ﬁm&htenna 352 is

il lustrated by bbeagefaWhat indMdeke the current | oop through 3D | oop
antenna 22 of FI 2B, the current |oop through 3D | oop antenna 352
traverses across t Heliggongeatixe eertion haviog p lengpomdivadth3Bat sabpatantially exceed a

CComaiet | ve” pab R0t RS S R R o
](czlhar ge ﬁnd dihszgngéjlmgiee pex:tibheulat?gigltgalﬁ_éhﬂngl st pl et al(c?lC) exct:)i ted signal

ov (Ca)\rNIS atp p!r g;g conduc ?alp%g%oa E??’E?%Héfe Bejsion Eg‘”ﬁég [qr’?gtrll‘itaﬂld élgg%éli‘a?%‘i\{g?‘fgfiﬁléy

al ternating cusegdta thikkidsoWi iMe séddh@bisiudiRd RRfoR WhBRIANS R tiinARAGG D
while still providing the capacitive tunlng capabilities described
above. 1010167 weenbepyugtiveportppAubsiantiaiBlip it aisaceed plandbatis subsfantially
overl apping c i1 i 1.k D : imqdar t
Chat shown i n 1T o3 EERGER FaBis sbhbisle BB bR st i Aoybfia o
40 may be addebe fist gindectivarpoetiomand tonfigunede® cospie ko asondbctiveepriadstdnna

50 illustrated i | GS., 3A_and 3B, to provide simlar tuning

capabi lities. aﬁﬁr}? E}e\%ﬁyéﬂﬁgﬁaggétﬁ%dm i ncl ude overl appi ng
conducti ve poriRFB di@iit bisirikally doih&gedlis tRobp BRedA! #AABINIAhLHOUt
t he feedpoi nt. FANT of being offset fromcenter 34 of antenna 352. In

this casexcited arugh fie lpep aienmne éeiflaw threnghuthe Kxst gendyctivegeptiem themeeo@s 2,
i.e., FA T : j : J : i.bed.
These and ot Koy BB pa e T TRty o PR 1 RSP R

cl ai ns. 2@ached Ab MBurtent loopabiitdies mergthird plane thewntsishibstattiabn péREridjulirag the
conpri si Nd., ﬁ le%%ﬁ %nteeonnga t hat i ncl udes: a first conductive
portion REVIENYCAOF Brod PG dt h that substantially exceed a

t hi ckness of the first conductive portion, wherein the | ength and
width of the first conductive portion substantially lie in a first

pl ane; arfd  Aradyp é‘éi‘:‘é’i’fa’ 1@%@%&@9@@8} YSEA $pATSeZa | engt h and

wi dth that su i e i
por i on, uher o e h | e R Pt P PRl ke f AR TN bl e
portion RHIBttamefchihyl.lie in a second plane that is substantially
parallel to the first plane, the second conductive portion being
electrically coupled to the first conductive portion and confi gured
to coupl 8.t o aArcatiddcbinpesisgir f ace of an article to which the RFID tag
is attached; and an RFID circuit electrically connected to the

| oop ant enna, 2MEErEicAlycadrstssutaceesnd the BFIIR faspdislaimd, Mhopindhe RRHAtag

Lo Tl ow GheaueR b iR ddchilllg eaEk I @BE! dfR0anibfle second conduct i ve

portion, and the conductive surface o e article to which the RFID
tag is attached in a current loop that lies in a third plane that is

substantigal l'y 1pe riIRJ%Iqtcii(i)nCo Mimb (f, 5,%?0; é,rwﬁlteréjl)rll Heselil c%Qc?ucfQigg Sonrng) | ane.

electrically or electro-magnetically couples to the conductive surface of the article to form

the current loop.
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2. Aradio frequency identification (RF1D) system conpri sing: a
reader unit configured to output an interrogating radio frequency
(RF) field; and the RFID tag of claim1. 3. An article conprising:

an electrically conductive surface, and the RFID tag of claim1,
wherein the RFID tag is coupled to the electrically conductive
surface of the article. 4. The invention of clainms 1, 2, 3, or 3,
wherein tfe Seﬁﬂﬂﬁ &QBQUPP%M?S 199"%],'099;,\9 (9'81t11rthé:§1:i]y grls conffi ed such that the
el ectro- magneti ca Yy couples to tHe conductive sur%éﬂ Ce O Be Hrt e
t o f or m tthad plane ersublteially pefpenditidar tnuentfaerofah adichd wienlattached 3o thar 4,
wherein the. RFID tag i s configured such that the third plane is
substantisgffflg/e%fgpf)@%ﬁ‘e(‘:ul ar to a surface of an article when attached
to the surface of the article. 6. The invention of clainms 1, 2, 3,

4, or 5, wherein the RFID tag is configured such that the current

f1 owi ng thr oughhetineention pf daimsnlnd, 3o vherain the&dDdre is cenfighued sugh that
surface i | i C .

ragnet o 1 o GufBlE lod Fu: RARR J Suh! GHOGRAABIMER
cl ai m 6, ashde & which¢hedRFIDetag isi atdched do erhanbea magrettic ticldegentimfed be tiof lobfe
article sa%psnglanti ally doubl es an area encl osed by the current |oop of
the | oop Sntefina. 8. The invention of claim7, wherein the | oop
antenna defines an inner space, the RFID tag further conprising a
spacer material dispaosed within the inner space. 9. A nethod
conprisi ng: atthedayantipnpf ¢laim ¢ vhergin thy carrerhindugcdpr thegordncting anfaesph;
pressi ng | r ;

e R R A
defining a plurality of mounting structures extending froma base

mber ; [ t b b d pl | Lt f ti
St ot r s 1 v HEORERa Do T REMEGR el Ranth Al ishof T it g RED

and conprtagfulentoniifzelg Sypbia etataRniisgised ditht tat indehsphe. an radi o
frequency identification (RFID) tag attaches and a | ower surface, the

mounting structures extending fromthe | ower surface; and coupling
one or noye RA ReliRg3omrililg upper surface of the base nember. 10.
The nethod of claim9, wherein coupling the one or nore RFID tags to
t he nounting <t leagitpartally dithrd seyitp witbiaregrable LD t ag and one or nore
protective fil d -bo m of _the cavjit and wherein at |east
partially fil Ip?%amgtﬁgh%é\ﬁ {03%91?([)%%? F%vétgq%gﬂﬂplgﬁlbe FH& curabl e resin over
t he protecti veehoVing thentagiig Dol afpr thehRatpridthes buirvedkidb eﬂﬁiiﬁ%@ﬁhﬁ'&’]ﬁy of
t

the RFID tag .from bei n%ﬁdadgrfggied b){) t he resin. 11. The met hod of
claimo, 188 AITRORBE PGP AHe YN E b8 HEFRSTRFI D tags to the mounting
Structur e comprsfisy AARNLBELANS BurdIRY 6 RELRiAS s Wdf HEBRGiy, the

surface of the nmounting structure. e method of clarm 11,

wher ei n desa@hinher belng sREsi@tielly dlat andsiompsisiapph yppry serfacadhefgwel toattadheto
upper sur I r nd rollin roll of RFID
56s. overtide fsaley (MGG SRFIEY S RBRna R oy dinte’ i afr s ne
pl ural i t wtroftures exendige Gbmubé loves sadirpydnde at | east one of a plurality

of ribbed sections positione long a length of the RFID tag, a
plurality of FPb‘ﬂ@éogsefwaﬁslg%@%ﬁasﬁg@ﬁEﬂu%ﬁ}g cgof BRGEYS BEMb%e RFI D

tag, a plurality of pillar-like sections that protrude fromthe | ower
surface of the flat structure, and a plurality of sections that form
one or nodfe cHaamethodiaf clim Oewhereii qouplingthe whe ¢r mereRTdNdagstto theheouREND
tag. structure comprises placing an RFID tag and one or more protective films into a bottom of
the cavity, and wherein at least partially filling the cavity comprises pouring the curable resin
over the protective films and RFID tag, the protective films preventing the RFID tag from

being damaged by the resin.
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11.  The method of claim 9, wherein coupling the one or more RFID tags to the mounting
structure comprises attaching one or more RFID tags to the upper surface of the mounting

structure.

12. The method of claim 11, wherein attaching the RFID tags involves applying an

adhesive to the upper surface of the mounting structure, and rolling a roll of RFID tags over

the upper swface.

13.  The method of claim 9, wherein the plurality of mounting structures comprise at least
one of a plurality of ribbed sections positioned along a length of the RFID tag, a plurality of
ribbed sections positioned across a length of the RFID tag, a plurality of pillar-like sections
that protrude from the lower surface of the flat structure, and a plurality of sections that form

one or more channels in at least direction with reference to the RFID tag.
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